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PREFACE 

This little volume contains the substance of a course of 
lectures delivered in various centres during the winters of 
1884-1890. It differs from many of the smaller works on 
Physiography in that it is not a text-book arranged to meet 
the wants of students preparing for any special examination, 
and from most of the larger works in that it does not 
attempt to cover so wide a field. The lectures were origin- 
ally designed to precede a course on geology, but it is 
hoped that the book may also serve as introduction to the 
study of other branches of science. 

It is primarily intended for the "general reader," who 
wishes to acquire a certain amount of knowledge — accurate 
and definite so far as it goes — of the more striking pheno- 
mena of the earth ; more detailed information on certain 
subjects is however added in the form of tables, which repre- 
sent to some extent the more specialised work of the class as 
distinct from the lecture, in the University Extension method 
of teaching. 

The list of lantern slides given in the appendix will 
probably be of use to teachers who may use the book. 

In addition to the works mentioned in the references for 
further reading given at the end of each section, use has 
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been made of that excellent compendium of universal 
information — " Chambers's Encyclopaedia," and useful sug- 
gestions have been derived from the lecture syllabuses of 
former colleagues, especially those of Drs. R. D. Roberts, 
C. M. Thompson, W. Garnett, W. J. SoUas, and J. D. 
M'Clure. 

I am indebted to Prof. V. B. Lewes, and Mr. V. B. Sells, 
M. A., for permission to use figures from companion volumes 
in this series, and to Mr. R. E. Steel, M.A., for the use of 
some of the illustrations of his " World of Science." 

In conclusion I beg to express my thanks to my friends, 
Mr. F. T. Howard, B.A., and Mr. J. A. Crawley, M.A., for 
numerous suggestions, and for help in reading the proofs 
and compiling the index. 

E. W. S. 

Newport, Mon., August^ i8gj. 
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INTRODUCTORY. 



I. The Method of Science. — The word Science means 
knowledge; and it is the aim of the student of science to 
know as much as is possible about the great world of 
Nature around him. In early times men had little accurate 
knowledge about Nature; their ideas were, for the most 
part, vague and fanciful. As we trace the progress of any 
branch of natural knowledge, we find that these ideas be- 
come more and more exact and definite. It is to this 
definite and exact kind of knowledge about things that 
we give the name Science. Scientific knowledge, then, 
differs from ordinary knowledge in that it aims at being 
more accurate. Thus, the notion that science and common- 
sense are opposed to one another is a very erroneous one, 
for the method of science does not differ in kind from that 
by which we gain our knowledge of common things. 
Speaking generally, we may say that the successive steps of 
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what is sometimes called the " Scientific Method " are as 
follows : first of all comes the careful observation of pheno- 
mena (that is, the appearances of things) ; thus we establish 
a sure foundation of fact ; then we seek by a comparison of 
the facts, to frame some theory which connects them to- 
gether, and to establish some general truth of which the 
facts are only special instances. Before, however, we can 
consider our theory to be true, we must test it by a further 
appeal to observation and experiment. It will be easily 
seen that the value of such generalisations will largely de- 
pend upon the number and the accuracy of the observations 
and experiments on which they are based. Now it is not 
always easy to observe things really accurately. Our senses 
are sometimes actually misleading. When a schoolboy 
rapidly whirls a glowing splinter of wood, he seems to see a 
complete circle of fire, whereas, in reality, at any given 
instant the glow can be in one spot only. In such cases 
we gradually learn, by the use of our reasoning powers, to 
control our observations, and to distinguish between the 
false and the true. At the very best, however, our senses 
are imperfect in their indications, their power is limited to 
a comparatively small portion of the infinite variety of 
external phenomena, and we therefore seek to add, as far 
as possible, to their powers, by the use of artificial con- 
trivances. Thus, the invention of such instruments as the 
telescope, the microscope, the spectroscope, and the photo- 
graphic camera, have extended the range of our senses so as 
to enable us to make observations of things that, without 
these instruments, would be wholly beyond our powers of 
observation. Even with the aid of the best instruments our 
observations will still be subject to errors due partly to the 
defects of the instruments and partly to the imperfections in 
the powers of the observer, and it must, therefore, be the 
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constant endeavour of the student of science to detect and 
to make allowance for these errors. 

But supposing our observations to be quite trustworthy, 
we must be likewise cautious and accurate in our reasoning. 
There must be in science no such rash formation of sweep- 
ing generalisations, based upon a few isolated facts, as too 
often leads us, in our ordinary affairs, to form erroneous 
judgments about things. Hence it is, that, apart from the 
actual knowledge acquired, the study of any branch of 
science, especially if we aim at learning not merely results 
but the way in which those results have been obtained, may 
benefit us in our every-day life, by training us in more 
correct habits of thought and of observation. 

2. Classification of the Sciences. — As the knowledge of 
Nature advanced and the number of observed facts in- 
creased, it became necessary for men to devote themselves 
more especially to certain classes of facts ; and so the study 
of science has been divided into many departments, or 
branches. Thus Astronomy (Greek, astron — star, and nomos 
— law) is the branch of science that is concerned with the 
forms and relations of the sun, planets, stars, and other 
heavenly bodies ; Geography and Geology (Greek, ^^— the 
earth) treat of our earth, its present aspects and past 
history ; Chemistry is the branch of science which deals 
with the composition of bodies ; Physics (Greek, j^Ausikos — 
natural) is the term now generally used to include the sub- 
jects of dynamics, heat, light, electricity, etc., which treat of 
the nature and relations of the various forces and energies 
of nature ; Biology (Greek, h'os — life) deals with the life 
of the world, both animal {Zoology) and vegetable {Botany), 
Some of these departments of science have been studied 
from very early times ; others are much more modem. 
Astronomy is one of the most ancient of the sciences, for in 
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the very first stages of civilisation, men had begun to observe 
such phenomena as the rising and setting of the sun, the 
alternations of the seasons, and the phases of the moon ; 
while no great amount of intelligence was required to 
arrange the stars which stud the firmament into various 
artificial groups, or constellations. In -its earlier stages, 
however, astronomy was very much mixed up with astrology, 
the pretended art of divining future events by observing the 
stars or planets. So also chemistry was in early times 
associated with various magic arts, the early chemists, or 
alchemists, as they were then called (probably from an 
Arabic word signifying the '' black art "), being chiefly con- 
cerned in the search for the "philosopher's stone," which 
was to convert everything into gold, and in somewhat later 
times for the " Elixir vitae,*' or Elixir of Life (Arabic, £/ 
iksir — the philosopher's stone), which would, it was thought, 
confer immortality, or, at least, great length of life, and 
make the old young again. Many of the departments ot 
physics, such as electricity and magnetism, are essentially 
modern sciences, and so (as we shall see later) is geology. 

The present work does not deal fully with any one of these 
various branches of science, but is intended to serve as an 
introduction to them all. It treats of some of the more 
striking phenomena of the earth, beginning with its astro- 
nomical relations, then dealing with the materials of which 
it is constructed, including the composition of its solid crust 
or lithosphere, of the atmosphere, or ocean of air surround- 
ing it, and of the terrestrial waters, or hydrosphere. Next, 
the laws of energy are discussed, and afterwards the past 
history of the earth, as partially revealed to us by its present 
aspects, is touched upon. Such a general exposition of the 
facts and laws of Nature constitutes what Huxley (adopting 
a term formerly used for a branch of mineralogy) has 
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termed Physiography, a description of Nature. Tiie 
Germans call it " Physische Erdkunde " — physical earth- 
lore. 

3. Phsrsical Measnrements. — In seeking to gain accurate 
knowledge of the phenomena constantly taking place around 
us, we require to make various measurements. Now it is 
found that all other measurements may be expressed in 
terms of three fundamental units, viz,, those of iimey length 
(/>., space of one dimension) and mass : all of these being 
quantities which cannot be defined in terms of anything 
simpler than themselves. Time and space we can conceive 
of2c^ existing apart from matter, but in practice we can only 
estimate time by the motion of bodies, and space by its 
relation to the place of material substances. 

The unit of time adopted for scientific purposes is the 
second of mean solar time, or the e ^lo o^^ P^^^^ o^ ^^^^ 
average length of a solar day — />., the average for the 
year of the intervals that elapse between two successive 
occasions on which the sun crosses the meridian, or is due 
south of a place. 

All our clocks and watches are supposed to keep mean 
solar time. By means of the chronoscope (an instrument 
which may be regarded as a microscope for time) we are 
able to sub-divide time to the thousandth part of a 
second. 

The unit of length in most common use in this country 
is Xhtfoot, which is one- third of the British standard yard, 
defined by law as, "the distance between the centres of the 
transverse lines in the two gold plugs in the bronze bar de- 
posited at the office of the Exchequer," this distance being 
measured at the temperature of 62 degrees of the Fahrenheit 
thermometer. The metric unit of length is the metre, which 
was defined in 1795 as the distance, at the temperature of 
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melting ice, between the ends of a platinum bar made by 
Borda, and preserved in the Archives at Paris. It is equal 
to about 39*37 English inches (3 feet 3I inches), and was 
originally intended to be the lo-millionth part of the 
distance from the equator to the pole, but it is really 
slightly less than this. The metre is sub-divided into 10 
decimetres, 100 centimetres, and 1,000 millimetres. A 
millimetre is very nearly equal to the 25th part of an inch. 
The kilometre (1,000 metres) =0*6273 o^ ^^ English mile, 
or roughly, 8 kilometres = 5 miles. In measuring surfaces 
(i.e., spaces of two dimensions — length and breadth) and 
volumes (which occupy space of three dimensions, having 
length, breadth and thickness) we use units derived from 
the fundamental unit of length. In the metric system the 
unit of volume is the cubic centimetre — /.^., a cube whose 
side is one square centimetre. 

A litre (the ordinary measure of capacity), or cubic 
decimetre, coi^tains i,ooo cubic centimetres (written ccm.) 
and equals 1*76 pints, or 61*03 cubic inches. 

The British unit of mass, or quantity of matter, is the 
imperial standard pound ; — a piece of platinum preserved 
in the office of the Exchequer, and defined by Act of 
Parliament as the only standard of weight. 

The weight of a substance, however, varies in different 
latitudes and at different heights above the ground (being 
greater near the pole than at the equator), whilst the mass 
or quantity of matter in it remains the same. Hence the 
pound ought really to be regarded as the unit of mass, not 
of weight : inasmuch, however, as, under ordinary circum- 
stances, two equal masses counterpoise one another in a 
balance, we usually compare masses by their weights. The 
French standard of mass is the kilogramme (about 2\ lbs.), 
but the unit generally adopted for scientific purposes is the 
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gramme, which is approximately the mass of one cubic 
centimetre of water at the temperature of 3*90 C, and equals 
about 15*4323 English grains. All measurements expressed 
in terms of the three fundamental units of Time, Space 
and Mass, are said to be in absolute measure; and the 
system of absolute measurements, based on the centimetre 
gramme and second, is called the C. G. S. system of 
units. 

The science which deals with space merely without intro- 
ducing the notion of time is Geometry. The word literally 
means land measurement, and amongst the ancient Egyptians 
with whom the science originated, it was confined almost 
exclusively to the practice of surveying. The consideration 
of space and time together constitutes Kinematics (Greek, 
kineo — I move) or the science of pure motion. In Kinetics 
we introduce the idea of mass and consider the motion of 
actual material bodies. The term Dynamics (dunamis, 
force) is usually, though inaccurately, regarded as including 
both kinematics and kinetics. 

The rate at which a body moves or changes its position re- 
latively to other bodies is termed its velocity,^ and a body 
is said to move with unit velocity when it moves a unit of 
length in a unit of time. When the velocity is not uniform 
its rate of change is termed BrCceleration, and the unit ot 
acceleration is that of a body whose velocity is increased or 
diminished by the unit of velocity in the unit of time. In 
the C. G. S. system, the unit of velocity is that of a body 
which moves through a distance of a centimetre in a second, 
and the unit of acceleration is that of a body which has its 



^ The term velocity is usually understood to include botli the distance 
travelled in a given time and the direction of motion. The term speed 
applies to rate of motion without taking direction into account. 
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velocity increased (or diminished) by one such unit of 
velocity every second. 

/fg/*ercwc€«,— Chisholm, Weighing and Measuring (Nature Series. 

Macmillan). 
Glazebrook, The Laws and Properties of Matter, ch. i. 

and ii. (Modern Science Series. Kegan Paul). 
Clerk Maxwell, Matter and Motion (S.P.C.K.). 
Garnett, Mechanics (S.P.C.K.). 



CHAPTER II. 

THE EARTH AS A PLANET. 

Section L — The Form and Movements of the Earth, 

I. How the Earth's Shape and Size are determined.— As 
a simple instance of the application of the scientific method, 
let us consider some of the grounds of our knowledge as to 
the shape of the earth. The ancients regarded the earth as 
a more or less flat disc, but facts were little by little observed 
that would not accord with this view. A ship at sea, for 
example, sailing away from an observer on shore, disappears 
gradually ; first, the hull sinks from sight, then the lower 
masts, and, finally, the topmasts disappear. Again the 
horizon, or line along which the earth appears to meet the 
sky, as seen by an observer at sea or on a great plain, 
appears circular, and the circle enlarges as we ascend from 
the earth's surface. Such facts as these cannot be well 
explained on the supposition that the earth is a flat plain : 
but from our knowledge of the properties of bodies, that are 
round like a ball, we see that such a body would give 
the appearances observed. From this generalisation (or 
induction) various special conclusions (or deductions) have 

9 
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been drawn, and these, on being tested by an appeal to 
observation, have always proved to be true. Thus we know, 
by experiment, that a sphere always gives a circular shadow, 
hence if we could observe the shadow of the earth, it should 
appear circular. Now, we can observe this shadow in eclipses 
of the moon, and it is always then found that the part of 
the earth's shadow, which is seen, is an arc of a circle. Again, 
if the earth be spherical, it should be possible to travel com- 
pletely round it by always moving in one direction. Since 
the time of Magellan, who first sailed round the world, the 
earth has constantly been circumnavigated by vessels steering 
constantly in an easterly or westerly direction. In these, 
and in other ways, our generalisation, as to the shape of the 
earth, is verified. 

Before considering how the size of this great ball can be 
determined, it will be useful to briefly explain the method 
adopted for indicating the exact positions of places on the 
earth's surface. 

For this purpose we imagine the surface to be covered 
with a number of circles (Fig. i). Lines drawn due N. and 
S. through any place are termed meridians or lines of 
longitude, (Latin, meridies — mid-day— so called, because 
when the sun reaches the meridian of any place, he is at 
his highest point in the heavens for that day, for that place). 
Each meridian forms a semicircle stretching from pole to 
pole, and two opposite meridians meet to form a great circle 
of the globe, />., a circle dividing it into two equal parts or 
hemispheres. The great circle drawn at right angles to the 
meridians, midway between the poles, is called the equator, 
and small circles drawn parallel to the equator are known 
as parallels of latitude. The longitude of any place is the 
angular distance oi its meridian E. or W. from some standard 
or zero meridian (usually the meridian of Greenwich). 



THE EARTH AS A PLANET. II 

The term, angular distance, may, perhaps, be best explained 
by a rough illustration. Suppose an observer, situated at 
some distance from two objects A and B (say trees or spires), 
to apply the hinge of a pair of compasses to one eye, and 
to open out the compasses until one leg points directly 
towards A, and the other towards B, then the angle between 
the two legs — measured in degrees and parts thereof (a 
degree being ^ of a right angle) — is the angular distance 
between A and B as seen from the position of the observer ; 
it will readily be seen that this distance will increase as he 
approaches, and lessen as he recedes from A and B. In 
practice, instruments more delicate than ordinary compasses 
would have to be used. Now, imagine the compasses to 
be at the earth's centre, and to be opened out in the plane 
of the equator — the two legs pointing respectively to the 
prime and to some other meridian, then their inclination to 
one another will be the angular distance between these two 
meridians. When we speak of the /englh of a degree of 
latitude we refer to the length of the arc of parallel included 
between two meridians which are i° apart. Since all the 
angles, made by any number of straight lines meeting at 
a point, are equal to 4 right angles, and since the earth 
makes a complete rotation on its axis (page 18) once in 24 
hours, it follows that the earth turns through 1° every 4 
minutes ; hence the longitude of a place can be reckoned 
by observing the difference between local and Greenwich 
time ; thus when it is 12 o'clock at Greenwich, it is 4 minutes 
to 12 at places i'' W. longitude, and 4 minutes past 12 at 
peaces 1° E. longitude. 

The latitude of any point on the earth's surface is its 
angular distance N. or S. of the equator, thus the latitude 
of the point P (Fig. i) is the angle P O M (in this case 23^°) 
at the centre of the earth, subtended by the arc of meridian 



12 



THE EARTH. 



P M. The latitude of a point on the equator is, therefore, 
0° ; while the poles are 90** N. and S. latitude respectively. 



KTMe. 




Now, an observer situated at any 
place on the equator would see a 
point in the heavens known as the 
pole (which may be roughly re- 
garded as coincident with the star 
a in the constellation of Ursa 
Minor, known as the pole star) 
on the horizon. If he were to 
travel 1° on a meridian towards 
the north, the pole star would 
appear to be elevated 1° above 
the horizon ; by travelling 2°, the pole star would appear 
elevated 2°, and so on, until on reaching the North Pole, 
the pole star would appear to be in his zenith or immediately 
overhead, i.e., at 90° from the horizon. Hence it will be 
seen that the latitude of a place is always equal to the observed 
elevation of the pole star above the horizon. Thus it is easy 
to determine astronomically a degree of latitude, that 
is the length of the arc of meridian, such that the difference 
of latitude, between its two ends, is one degree. If now 
this length can be measured in ordinary lineal units, feet or 
yards, the whole circumference of the globe (regarded as a 
perfect sphere) will be obtained by multiplying this length 
by 360, the total number of degrees in the circumference of 
a circle. This actual measurement of an arc of meridian 
can be very accurately done by the method of triangulation, 
the general principle of which is as follows : — In the first 
place a base line has to be selected on some firm level 
piece of ground, and its length accurately measured by 
means of metal rods (usually constructed of two different 
metals arranged in such a way that their unequal expansions, 
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due to changes of temperature, neutralise one another, as 
it were, so that the distance between two marks remains 
constant). The intervals between the rods (which are not 
allowed to touch one another) are measured by means of 
microscopes. Such a base line, employed in the Ordnance 
Survey of Great Britain, was that measured along the border 
of Lough Foyle in Ireland, its length being about 8 miles. 
The base line A B (Fig. 2) being measured, some pro- 
minent object which can be seen from both A and B is 
selected, and the angles B A C, A B C 
carefully measured by means of a 
theodolite. Knowing the length of 
A B, and the size of these angles, we 
can calculate, by trigonometry, the 
lengths A C and B C. These may 
then be used to form the bases of 
other triangles as B C D, A C E, 
whose remaining sides are similarly 
determined ; thus the whole country 
may be covered with a net-work of 
such measured triangles, and by this 
means the distance between two re- 
mote stations situated on the same 
meridian can be accurately determined. 
Survey of the United Kingdom 250 trigonometrical stations 
were employed, and it was found possible, by using the 
lime-light at night, to employ triangles whose sides were as 
much as 60 or 80 miles in length. On the completion of 
the survey, the length of the base line, that had been 
measured on the shores of Lough Foyle, was calculated by 
means of a series of triangles, starting from another base, 
measured on Salisbury Plain (360 miles away). The length 
thus found by calculation did not differ by much more than 
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5 inches from the length as obtained by direct measurement. 
Similar surveys have been made in various parts of the 
world, and in this way the length of a degree of latitude has 
been determined in several places, with the result that this 
length is found to be greater towards the North and South 
Poles than it is near the equator. At the equator it is 
362,746*4 feet, and at the pole (as calculated from observa- 
tion in high latitudes), 366,479*8 feet. This shows that the 
earth is not a perfect sphere, but is flattened at the poles, 
and bulges in the equatorial regions, the polar diameter 
being 7899*6 miles, and the equatorial 7926*6 miles, or 27 
miles longer. The polar diameter is thus about -^l^ shorter 
than the equatorial. Such a figure is known as an ellipsoid 
or olf/a^e spheroid of revolution ; but further accurate 
measurements of degrees of longitude in equatorial regions 
have shown that the equator is not really a perfect circle, 
so that the figure of the earth is not a true ellipsoid. 

2. The Appaxent Movements of the Heavenly Bodies. — 
When we look out upon a clear night and watch the starry 
heavens, we notice that many of the stars appear to rise in 
the east and set in the west, but that their position relative 
to one another does not appreciably change ; that, in fact, 
the star-strewn dome of the heavens is apparently carried 
round just as if the stars were all fixed to the inside of a 
great hollow globe, which turned every day about an imag- 
inary axis, passing nearly through the pole star (which seems 
to the unaided eye to remain fixed in the heavens) and the 
place of the observer. The horizon seems to be a great 
circle of this celestial globe. The Sun, too, seems to be 
carried round the earth from east to west ; but while the 
stars, night after night, and year after year, retain their rela- 
tive positions (hence the term " fixed stars "), the sun appears 
each day to be placed in a somewhat different position upon 
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the celestial sphere, moving apparently from west to east 
relatively to the stars, and getting back to the same position 
on the imaginary globe after a year's interval, so that while 
the stars appear to make 366 revolutions in a year, the sun 
makes only 365. The path of the sun among the fixed 
stars lies in a great circle of the celestial globe called the 
Ecliptic, which is inclined to the equator at an angle of 
23^ 27', cutting it in two points called the equinoctial 
points. 

The Moon, like the sun, while carried round from east 
to west every day with the star sphere, seems to move 
slowly among the stars in a contrary direction, so that for 
every 27 apparent revolutions of the stars, the moon makes 
only 26. In about 27 J days she completes her circuit of 
the star sphere from west to east, moving nearly on a great 
circle of the globe inclined at about 5*^ to the ecliptic. 

Besides the sun and moon there are other heavenly 
bodies, apparently stars, which do not keep a fixed position 
in the star vault. These are the Planets {i.e., wanderers), 
five of which are visible to the unaided eye, viz,. Mercury, 
Venus, Mars, Jupiter, and Saturn. The planets seem to 
move on the whole eastward among the stars ; sometimes, 
however, they become stationary, and again they retrograde 
or move from east to west. 

Moreover, their retrograde motion is not quite on the 
same track as their motion of advance, and hence the 
apparent paths of the planets form a succession of loops as 
shown in Fig. 3, which represents a loop of Saturn's path. 

The number and size of . 

these loops vary for differ- ^^ > 

ent planets, thus Mercury Fig. 3. 

makes three loops in his circuit of the heavens; Jupiter 

about eleven ; Saturn nearly thirty, Venus goes round ber 
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circuit more tiian once and a half times, and Mars more than 
once, between each successive loop. The planetary wan- 
derings are confined to a belt of the heavens, extending 
about S'' on either side of the ecliptic, termed the zodiac. 
These apparent paths of the sun, moon, and planets were 
more or less correctly determined by the Chaldean astrono- 
mers, but they do not seem to have attempted to frame any 
theory of the causes of these movements. The Greek 
astronomers were the first to construct a mechanism of the 
heavens. They were convinced that beneath the seeming 
irregularity of the planetary wanderings there must be a real 
order, and taking uniform motion in a circle, as the basis of 
this order, they tried to account for all the celestial move- 
ments by superposing one circular motion upon another. 

3. The Theory of Epicycles. — According to the Greek 
astronomers, the earth is a fixed sphere round which the 
celestial sphere rotates. In order, then, to account for the 
retrograde movements of the planets, they supposed that 
each planet moved as if attached to one end (A) of a rod 
A B (Fig. 4), which was turning uniformly about its other 

end (B) as a centre, this centre 
being again carried uniformly 
round in the same direction in a 
larger circle by being attached 
to one end of a longer rod, B C, 
revolving about its opposite end 
fixed at C. The effect of such 
conjoined motions will easily be 
**' ^' seen to correspond with the kind 

of movement actually observed in the case of the planets. 
Thus it is clear that if A is being carried along more 
rapidly in its small circle (called the epicycle) than the point 
B carried round in the larger circle (called the eccentric) in 
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the same direction, then the planet as seen from the earth 
at D would seem to have a forward motion while moving in 
the outer portion of its small circle (as at i), and a back- 
ward motion while moving in the inner portion (as at 2), 
while at some point between its advance and retrograde 
motions it must appear to be stationary. The shapes of 
the planetary loops were to some extent explained by the 
supposition that the plane of the epicycle was inclined to 
the plane of the eccentric. As observations of the planetary 
motions increased in accuracy, however, various small 
irregularities were detected, which had to be explained by 
adding on several smaller epicycles as well as by oscillations 
of the planes of revolution, until at length the system be- 
came extremely complex. The Greek astronomer, Ptolemy 
(about 130 A.D.), gathered up all that was then known of 
the science of astronomy in a great book, called by the 
Arabian astronomers the Almagest, and since it is from this 
work that our knowledge of Greek astronomy is mainly 
derived, the epicyclic theory is generally known as the 
Ptolemaic System. 

4. The Oopemican Theory.— After the time of the 
ancient Greeks, the spirit of inquiry in Europe seems to 
have largely died out, and very little attention was given to 
the pursuit of scientific knowledge. The rise of modern 
science may be said to date from the astronomical dis- 
coveries of Copernik, Tycho Brahe, and Kepler, in the 
sixteenth and seventeenth centuries of our era. Copernik, or 
Copernicus (born at Thorn on the Vistula in 1472), at first 
took the Almagest as his text-book, but soon becoming dis- 
satisfied with the great complexity of the Ptolemaic system, 
he gradually worked out a new system, which accounted for 
the strange apparent movements of the planets in a much 
simpler way than had been done before. He found that 



tS 



THE EARTH. 



some of the ancients had suggested that the movements of 
Venus an J Mercury (which are distinguished from the 
other planets in that they are constantly seen to travel first 
to the right hand side of the sun, and then to the left, never 
being distant from the sun more than 48 and 20 degrees 
respectively), might be accounted for by supposing that the 
sun was in the centre of the epicycle of each, so that these 
planets travelled round the sun as it, according to the 
Ptolemaic system, travelled round the earth. It had also 
been suggested that the motion of the celestial globe might 
be only an apparent one due to a real rotation of the earth 
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Fig. 5. 

on an axis passing through its centre, and that the revolu- 
tion of the sun round the earth might be an apparent 
motion due to a real revolution of the earth round the sun. 
In considering these suggestions of the ancient astrono- 
mers, Copernik at length framed a theory of the movements 
of the planets, the main principles of which may be thus 
stated : — (i.) The daily rotation of the heavens is only an ap- 
parent motion caused by the rotation of the earth from west to 
east, about an axis passing through its centre. Thus the 
diurnal rotation of the whole complex mechanism of the 
heavens is entirely done away with, and replaced by the 
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simpler roUtion of the earth itself, which, it is easy to see, 
would give precisely the same appearances, just as in the 
case of a landscape observed from a railway train, the actual 
motion of the train in one direction gives rise to an ap- 
parent motion of the trees and other stationary objects in 
the opposite direction; (ii.) The earth itself is one of the 
planets^ all of which travel round the sun in the same direction, 
as shown in figure 5, where, with the sun in the centre, 
Venus and Mercury are assigned orbits within that of the 
earth, and the outer planets orbits beyond that of the earth, 
each planet travelling the more slowly as it is farther from 
the sun. Thus the earth is removed by Copernik from the 
centre of the universe, and placed among the planets which 
seem to travel round it, and the sun, regarded as being at 
rest, takes the place which had hitherto been assigned to 
the earth. A consideration of Fig. 6, which represents the 
relative orbits of 

theearthand ^ T^ ^- * 

Mars, will serve 
to make clear how 
the main features 
of the apparent 
movements of an 
outer planet' were 
explained accord- 
ing to the Coper- 
nican theory. The 
inner circle represents the track of the earth in its uniform 
motion round the sun S situated in the centre of the circle; 
this circle is divided into 12 equal divisions (marked by 
Roman figures), representing the 12 equal portions of the 
track supposed to be passed over in the 12 months of 
the year ; the outer circle represents the track (or orbit) of 
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the planet Mars, which takes 687 days, or, roughly, 23 
months, to go round the sun ; and the 23 equal divisions of 
this circle (representing the 23 equal portions of the track 
passed over in the 23 months of the planet's year), are 
marked with Arabic numerals. Now let us suppose the 
earth to be at XII., and Mars at 12 on the opposite side of 
the earth to the sun (when he is said to be in opposition), 
then it is clear that Mars will be seen from the earth 
in the direction a b produced far away among the stars. 
Now, since the earth, in travelling along her orbit, 
reaches the positions I. and II. on the inner circle in the 
same time that Mars reaches the points i and 2 on 
his outer circular track, it is evident that he will be left 
behind by the earth in her more rapid progress, and thus 
will appear to be travelling backwards or retrograding; 
when the earth reaches IV. and Mars 4 (at the end of the 
fourth month), it will be -seen that the earth is moving 
directly from Mars, so that his only apparent motion will 
be that due to his actual forward movement towards 5, and 
he will therefore seem to be advancing. At some inter- 
mediate point where his retrograde motibn changes into a 
forward motion. Mars will appear to be stationary. At the 
end of the twelfth month, when the earth has come to the 
point whence she started. Mars will be at 12 on the opposite 
side of the sun ; as the earth moves from XII. to I. the 
outer planet moves from 12 to 13, and since the two are 
thus moving in opposite directions Mars will, during this . 
portion of his course, appear to be advancing most rapidly. 
By the time that Mars has reached 22, the earth will 
have got round to X. again, and will be moving directly 
towards the outer planet, which therefore will seem to be 
advancing with its own motion only. When the earth 
again reaches I. (at the end of 25 months), Mars will be 
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once more in opposition at 2, and in the middle of his 
retrograde course. It will be observed, moreover, that 
when Mars is in opposition (in the middle of the retrograde arc) 
he is nearest to the earth, and therefore appears brighter than 
when in any other position, and this is always actually 
observed to be the case. It must be noted, however, that 
although the larger characteristics of the planetary motions 
were thus explained by Copernik, the minute irregularities 
were still accounted for by a system of epicycles. 

It was not until nearly a century after Copernik's time 
that the great verifications of his theory were made, and, in 
the meantime, while many astronomers accepted his theory, 
others rejected it, or held a modification of it. There were, 
in fact, many difficulties in the Copernican system which 
prevented its general acceptance. In the first place, the 
fact that the angular distance between two fixed stars 
appeared to be the same throughout the year showed that 
if Copernik's theory of the earth's annual revolution round 
the sun were correct, the fixed stars must be at an enor- 
mous distance from the earth as compared with the dis- 
tances of the planets, for it is clear that the angular distances of 
two stars (A and B in Fig. 6), as observed from the earth 
when at VI., and when at XII., would not be the same 
unless A and B were at practically infinite distance. Tele- 
scopic observation shows that the stars actually are at such 
great distances, but in Copernik's time there was nothing 
to lead people to think so. 

Again, it had long ago been recognised that the ///^7^<?^ 
of the moon were due to the fact that it shines by the 
light reflected from the sun, which can, of course, 
illuminate only one-half of its surface at a time, while 
the amount of the illuminated surface which can be 
seen from the earth will evidently vary with the chang- 
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ing position of the moon in the sky. When, for ex- 
ample, the moon is on the same side of the earth as the 
sun, its dark side is turned towards us, and we cannot see 
it at all, unless (as happens at least twice a year) it comes 
just between the earth and the sun, causing an eclipse of 
the sun ; a little later it appears as a thin crescent, nearly 
all the dark side being turned towards the earth ; at about 
a week after the time of new moon, it having got|^ round in 
its orbit, we find the moon high up above our heads when 
the sun is just setting in the west, and we see about half 
the bright side ; a week later we find the moon rising in the 
east as the sun sets in the west, and being thus right 0[y- 
posite the sun it appears as full, and we see the whole 
illuminated half of its surface. (If when sun and moon are 
both above the horizon a spherical body be held at some 
distance from the observer in the direction in which the 
moon is observed to be, it will be found that the portion of 
the body which is seen to be illuminated by the sun has 
exactly the same shape as the moon at the same time.) 
Now, if Copernik's theory were true it was seen that Venus 
and Mercury should also show phases like the moon, but 
such had not been observed. It was thought, too, that if 
the earth were really moving, its inhabitants would be Con- 
scious of the fact ; moreover, it appeared that a stone 
dropped from the top of a tower ought to fall towards the 
west if the earth were moving rapidly away under it to the 
east, but this was not observed to be actually the case. 
Further, it was found that as more exact observations were 
made, the positions of the various planets for any given time 
calculated in accordance with the motions assigned to them 
by Copernik did not perfectly agree with their positions as 
actually observed. 

Seeing these difficulties of the Copernican theory, Tycho 
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Brahe (the most careful observer of his time) suggested a 
modification of it; he supposed the earth to be at rest, 
while the celestial globe revolves round it once a day, the 
planets having, besides, independent movements round the 
sun, just like those assigned to them by Copernik. 

5. Kepler's Laws. — Tycho Brahe's pupil, Johannes Kepler 
(born 1 57 1, died 1630), who succeeded him, in 1601, as 
Imperial Mathematician to the Emperor Rudolph II. of 
Bohemia, made use of his observations — especially a series 
of observations on the planet Mars — in order to try so to 
modify the Copernican theory as to make a better agree- 
ment between the theory and the observed facts. At first 
he adopted Copernik's idea of unifoim motion in a circle, 
with the sun at the centre, and he tried many combinations 
of various circular motions without much success. He then 
supposed the sun to be placed not exactly at the centre of 
the circle representing each planet's orbit, and found that 
this supposition accorded more nearly with Tycho's ob- 
servations. Still the agreement was not perfect, and at 
length it occurred to Kepler that the notion of uniform 
motion in a circle might be wrong, and that the observed 
greater rate of the sun's apparent motion in the heavens at 
different parts of the year might be due to a real variation 
in the earth's motion round the sun. After trying several 
theories of varying motion, he at last found one which 
exactly agreed with the observations of Tycho Brahe. 
According to this theory, the orbits of the earth and the 
other planets are supposed to be ellipses^ instead of circles. 
(An ellipse is the curve which is traced out by a point which 
moves in such a way that the sum of its distances from two 
fixed points— ^'P'ig. 7 — remains constant. These two fixed 
points are termed \\\tfoci of the ellipse, and the diameter 
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A B drawn through them is the major axis. A simple 

method of drawing an ellipse 
consists in passing a loop 
of string over two pins 
placed as at //', and mov- 
ing a pencil point put in 
the loop so as to keep the 
string stretched to its full 
length, as shown at P P'.) 
Moreover, the motion of a 
planet in its elliptic orbit, instead of being uniform, was 
supposed by Kepler to vary in such a way that the line 
joining the centre of the planet to the centre of the sun 
(called the planet's radius vector) passes over equal areas in 
equal times ; thus in Fig. 8, representing in an exaggerated 
form the earth's path round the sun S, the earth is at its 
greatest distance from the sun at a, and it travels from a to 
b in the same time (one month) as it travels from b io c^ c 
to dy and so on. It will easily be seen that the distances e 
io/,/to g, for instance, are greater than the distances a to 
b, b to c, but the areas of the 
triangles Sab, S b c, S ef, 
S/gf and so on, are all equal. 
In 1609, Kepler published 
his " Commentaries on the 
Motion of Mars," containing 
these theories, which may be 
shortly enunciated thus : — 

(i.) TAe planets move in 
ellipses^ ivith the sun in a focus of each (Kepler's first law). 
(ii.) The radius vector of each planet sweeps out equal areas 
in e^ual times (Kepler's second law), 
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At about this time the invention of the telescope 
afforded new evidence of the truth of the main points of 
the Copernican theory. Galileo, whilst Professor of Mathe- 
matics at Padua, heard of this invention (due to a Dutch 
optician), and soon succeeded in constructing such a tele- 
scope for himself. He found, on looking through the 
telescope, that while the fixed stars remained mere points of 
light, the planets were magnified into luminous d/scsy thus 
confirming the view that the stars were at immensely greater 
distances, as required by the Copernican theory. Then he 
observed that Venus actually did exhibit phases like the 
moon, thus clearly proving that she revolved round the sun. 
In the beginning of the year 1610, Galileo discovered four 
moons revolving round the planet Jupiter. Here, then, was 
a sort of Copernican system in miniature, which served 
better than many arguments to convince people of the truth 
of the theory. Other telescopic observations of Galileo's, 
which likewise served to promote the more general accept- 
ance of the true theory of the planetary motions, were the 
discovery of mountains and valleys on the surface of the 
moon, which had always been regarded as perfectly smooth ; 
and of spots on the sun's surface, by means of which it was 
proved that the sun rotated on an axis. This proof of the 
rotation of the sun made it much more easy for people to 
believe that the earth also might have a similar move- 
ment. 

It was not, however, until more than two hundred years 
after the time of Kepler and Galileo that an experimental 
proof oi the earth's daily rotation on its own axis was given 
by Foucault's celebrated pendulum experiment in the 
Pantheon at Paris in the year 1851. A heavy metal globe 
was suspended over the centre of a round table by a long 
thin wire attached to the roof of the dome of the Pantheon, 
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and was then made to swing as a pendulum by drawing 
it to one side, without giving it any movement of rota- 
tion round the vertical. Now, it can be proved that 
a pendulum thus set swinging cannot, if left to itself, change 
the plane in which its oscillations are performed, and thus, 
if the table remains unmoved, the line N S, marking the 
intersection of the plane of vibration with the plane of the 
table, should remain unaltered as long as the pendulum con- 
tinues to swing. But Foucault found that the direction of 
swing appeared to change, so that supposing the pendulum to 
have been started swinging in the plane of the meridian 
N S, it was found after a time to have apparently deviated 

into the positions N^ Si,Njj Sg, 
etc. Since the plane of oscil- 
lation really remains unaltered, 
this apparent change must be 
due to an actual revolution of 
the table, in the direction 
N S2 S, caused by its be- 
ing carried round with the 
earth in its daily rotation. 
From the apparent rate of 
rotation of the plane of vibration of the pendulum, the time 
of the earth's rotation can be determined without reference 
to astronomical observations. Foucault subsequently used 
a GYROSCOPE (which may be regarded as a heavy top sup- 
ported at both ends of its axis) as a means of proving the 
earth's rotation. The axis of such a rapidly rotating body 
will, unless extraneous force be applied, remain unchanged 
in direction, so that if it points towards a certain star, 
it will continue to point to that star as long as the rotation 
continues, if the star remains in the same place — />., if 
the apparent motion qf the star bQ due to a real motion 
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of the earth in the opposite direction. Foucault found that 
this was actually the case. 

A most convincing physical proof of the earth's annual 
revolution round the sun had been obtained in the previous 
century from Bradley's discovery of the aberration of light 
in 1727. Bradley, whilst trying to find the parallax (see 
page 38) of a certain star, found that it appeared to describe 
annually a small ellipse in the sky. It was soon found that 
tlie other fixed stars also described such ellipses, which be- 
came nearly circles in the case of stars furthest away from 
the ecliptic, and straight lines* in the case of stars on the 
ecliptic — the major axis of the ellipse always being con- 
stant. Now, it had been already shown by Romer, in 
1675, from observations on the eclipses of Jupiter's satel- 
lites, that light travels at the rate of about 186,000 miles 
per second. He noticed that when the earth was furthest 
away from Jupiter, as at Ea (Fig. 10), there was a retarda- 
tion in the time of the eclipse of the first of Jupiter's 
satellites equal to 16 minutes 
36 seconds, and he argued 
that this must be due to the 
fact that a ray of light, instead of 
travelling instantaneously, takes 
this time to cross the distance 
from El to Eg, or the diam- 
eter of the earth's orbit. The 
value thus obtained has since 
been confirmed by purely ex- 
perimental methods. Now, ^^^ '**■ 
Bradley saw that if the earth is really travelling round the 
sun with a velocity at all comparable to that of light, the 
light travelling from a star to the earth may be compared 
v^ith the case of rain falling perpendicularly on to a bod] 
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moving in a horizontal direction. A drop of rain falling 
from the point R (Fig. ii) will pass right through a 
S perpendicular tube A B so long as 

; the tube remains at rest ; if, how- 

ever, it be carried forward with a 
velocity comparable to that of the 
falling raindrop, the drop will strike 
the side of the tube, and thus fail 
to pass through. In order that the 
drop may pass right through the 
moving tube, this must be tilted in 
the direction of motion into some 
such position as B C, the amount of 
inclination depending upon the ve- 
locity with which the tube is being 
carried forward. If, for example, a 
drop falls through the distance C D 
in the time that the tube moves from B to D, it follows 
from the parallelogram of velocities that the tube must be 
placed in the position B C. Now, we may consider the tube 
as a telescope required to receive the rays of light from a 
particular star, S. If, while the light is moving from C to 
D, the earth moves onward (carrying the telescope with it) 
from the position B C into the position D E, the light will 
evidently reach the .eye-piece at D ; the telescope must 
then be directed, not straight to the star, but slightly tilted 
in the direction in which the earth is moving in its orbit, 
hence the observer will see the star at S^ in the direction 
D E, in which the telescope is pointed, so as to make a 
small angle, (about 20") with the true direction of the star. 
As this direction changes with the changes in the direction 
of the earth's motion as it travels in its slightly elliptical 
orbit, it is evident that during the course of the year a st^r 



Fig. 11. 
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near the pole of the ecliptic will seem to describe a similar 
ellipse o£ very minute size, the eccentricity of this aberration 
ellipse will increase owing to foreshortening in the case of 
stars farther away from the pole until it becomes a straight 
line for a star placed in the ecliptic. Thus, in Fig. 12, if 

A C B D represents in 
S perspective the earth's 

J_T orbit, a star S, whose 

true direction, as seen 
from the points A and 
B on this orbit, is 
shown by the dotted 
lines A S B S (for the 
star being at a practi- 
cally infinite distance, 
^'^' "• its direction, as seen 

from all points on A C B D will be the same), will appear 
from A in the direction in which the telescope is slanted 
A a, but when the earth is on the opposite side of its orbit, 
at B, the telescope must evidently be pointed in the opposite 
direction B b, and the star will appear to be displaced 
accordingly. If the star is on the ecliptic at S^, the lines 
C c and D d show the directions in which the telescope must 
be pointed in order that the star may be seen from C and D 
respectively. In this case there will evidently be no dis- 
placement when the earth is at A or B, and moving directly 
towards or from the star. In the diagram the amount of 
displacement is of course greatly exaggerated, the real 
value of the angles S B b, S^ D d, etc., being about a third of a 
minute. 

Knowing this angle, /.^., the amount of the observed dis- 
placement of a star, and the velocity of the earth in its 
orbit (which is about 19 miles per second), it is easy tc 
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calculate what must be the velocity of light. Bradley 

showed that the value thus obtained agreed with that found 

by Romer. This agreement served to confirm the truth of 

his explanation of the phenomenon of aberration, which is 

seen to give an independent proof of the annual revolution 

of the earth round the sun, as required by the Copernican 

theory. 

In 1619 Kepler published his "Harmonies of the 

World " (dedicated to James I. of England), containing the 

celebrated law that " The squares of the periodic times of the 

dijferent planets are proportional to the cubes of their mean 

distances from the sun " (Kepler's third law) ; that is to say, 

that the mean distance of a planet (defined as being half the 

major axis of the ellipse representing the planet's orbit) is 

always related to its periodic time T (defined as the planet's 

year, or the time it takes to describe its orbit) in such a way 

d^ 
that -Ta is a constant. In the following table the mean 

distances and periodic times of Venus and Mars are given 
in terms of the mean distance and periodic time respectively 
of the earth considered as unity : — 





Earth. 


V^enus. 


Mars. 


d . . 


I 


0723 


1-524 


T . . 


I 


0-615 


I -88 1 


d3 . , 


I 


0-378 


3 537 


T^' . . 


I 


0-378 


3*537 



It will be observed that in each case d ^ (/>., d x d x d) is 
equal to T 2 />.,TxT), 

Re/trences.SinsixVs A Chapter o/5^cJcnce ( S. P. C*K.). 

Morton's Astronomers (Heroes of Science Series. 

S.P.C.K.). 
Iiodge's Pioneers of Science (Macmillan). 
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Section If, — Universal Gravitation. 
I. The Laws of Motion. — By the discoveries of Coper- 
nik and of Kepler the old theory of Epicycles had been 
finally disproved, but the great problem still remained. 
How was it possible to account for tht motions of the planets ? 
Various speculations had indeed been made. Kepler had 
suggested the idea of spokes issuing from the sun and push- 
ing the planets round in their orbits; Descartes (born 1590, 
died 1650) held a theory of vortices or whirlpools of air or 
" ether " which carried the planets along with them, but it 
was reserved for the genius of Isaac Newton (born at Wools- 
thorpe, Lincolnshire, 1642, died 1727) to discover the true 
law. Galileo had already investigated the laws of motion, 
and had shown that the natural free state of motion of a 
body is uniform motion in a straight line, and not motion 
at a uniform rate in a circle as the ancients had thought ; 
for he observed that in all cases when a body does pursue 
a circular path, as for example a whirling stone attached to 
a string, or a whirl of liquid in a circular vessel, there is 
some force tending to deflect the body into its circular track ; 
and if this force ceases to act, as when the string breaks, 
the body moves off at a tangent to the circle, as shown in 
Fig. 13 where A represents the hand at the end of the 
string ; B the stone ; and B C the 
direction in which it will move from 
the point B, if the string be loosed 
or cut Moreover, it appeared that 
a body would naturally go on mov- 
ing in a straight line for ever were 
it not for friction or some other 
resistance tending to stop its motion ; 
for the more we diminish this re- 
sistance, the longer will a body move; a stone on smooth 




32 THE EARTH. 

ice, for instance, will go much farther than if projected 
along a rough road. Newton afterwards staled his first 
law of motion as follows : — Every body continues in its 
state of rest or of uniform motion in a straight line^ 
except in so far as it may he compelled by force to change that 
state. It will be seen that the law as thus stated gives us a 
definition of force, which is anything which changes a 
body's state of rest or of uniform motion in a straight line. 
The fact that a body if at rest will remain at rest, and if in 
motion will remain in motion, apart from the action of 
external forces, is shortly expressed by the statement that 
Matter has Inertia, The first law of motion tells us what 
force is, but gives no means of measuring it : this we learn 
from the second law of motion discovered by Galileo and 
stated by Newton in the following terms : — Change of motion 
is proportional to the impressed force, and takes place in the 
direction of the straight line in which the force acts. It is a 
matter of common experience that the force or effort 
required to move a body when at rest or to stop it when in 
motion, depends upon its mass as well as upon its velocity, 
that, for example, it is easier to stop a small pebble rolling 
down a slope than a large boulder. The quantity of motion 
of a body, or the product of the number of units of its mass 
into the number of units of its velocity is termed its 
momentum ; the unit of momentum being that of a unit of 
mass moving with a unit of velocity. The phrase " change 
of motion " in Newton's second law of motion is intended to 
mcwin " rate of change of momentum," and the law shows 
that when we are dealing with a single body whose mass 
remains constant, a force is to be measured by the rate at 
which it produces change of velocity (or acceleration) ; a 
unit of force is that which produces in a unit of mass a unit 
of acceleration. In the C. G. S. system the unit of force is 
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that force which generates per second in a mass of one 
gramme a velocity of one centimetre per second. A force 
is said to be constant if it produces equal accelerations in 
equal times. Such a constant force is that of terrestrial 
gravity, the nature of whose action was investigated by 
Galileo. He found, by means of experiments with bodies 
sliding down inclined planes, that the spaces passed over by 
a body (starting from rest) under the action of a constant 
force are proportional to the squares of the times ; in the 
case of a stone dropped from the top of a cliff, for example, 
it is found that in one second it falls, roughly speaking, 
16 feet ; in two seconds 64 feet, in three seconds 144 feet, 
and so on. In this case, at the end of one second, the 
stone has acquired a velocity of 32 feet per second, so that 
it would, if not acted upon by any force, continue to move 
with this velocity, but the force of gravity is continually 
adding on velocity, and during the second second the stone 
has thus added to its motion a velocity of 32 feet per second, 
so that at the end of this second it will be moving with a 
velocity of 64 feet per second ; at the end of the third 
second, with a velocity of 96 feet per second, and so on, the 
velocity at the end of t seconds being represented by t x 32, 
while the space traversed in t seconds is represented by 
t2i6. 

Galileo further showed by experiments on bodies falling 
from the top of the leaning tower of Pisa, that all bodies 
(except for the resistance of the air) fall at the same rate. 
It had been asserted by Aristotle that a 10 lb. weight would 
fall to the ground ten times as quickly as a i lb. weight, and 
at first sight this seems a reasonable proposition, for the 
force of gravity or the pull of the earth upon the larger weight 
is ten times as great as it is upon the smaller. A further 
consideration, however, shows that, since in the 10 lb. weight, 

C 
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there is ten times the matter to be moved, i>., since it has 
ten times the mass of the i lb. weight, it will require a force 
ten times as great to move it with the same velocity. The 
second law of motion may be expressed in another form, 
thus: If any number of forces act on a body^ each force pro- 
duces its own change of momentum quite independently of the 
action of any other force, Galileo was led to recognise this 
truth by considering the motion of projectiles ; if a cannon- 
ball be fired in a horizontal direction at a great height above 
the ground, it is found that it falls just as quickly and 
reaches the ground (if flat) in exactly the same time as if it 
had been merely dropped from the same height. The 
vertical velocity due to the action of gravity is thus quite inde- 
pendent of the horizontal velocity due to the force of pro- 
jection, and the same is true in every case, m., that, however 
many forces may be acting on a body either at rest or in 
motion, each has the same effect in producing change of 
motion as if it were the only force acting. The important 
geometrical propositions known as the parallelogram of 
VELOCITIES and the parallelogram of forces follow from 
this. Suppose a body placed at A (Fig. 14) to have im- 
^ ^ parted to it simultaneously two velocities, 

one of which would carry it from A to B 
in a second, and the other from A to C, 
then the lines A B and A C may be re- 
garded as representing these velocities 
both in magnitude and direction. Now, 
if the velocities were communicated 
successively the body would move from 
^ "^ A to B and from B to D, where B D is 

*^* ^^' drawn parallel and equal to A C. Hence, 

the resultant of the two velocities, or the single velocity 
which is produced as the result of their concurrence, will be 
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represented in magnitude and direction by the diagonal 
A D of the parallelogram A C D B. 

Now, since a force is completely specified when its point 
of application, its direction, and its magnitude are known, 
it follows that forces can, like velocities, be represented by 
straight lines. Thus the line A B may be taken to repre- 
sent a force whose point of application is A, whose direction 
is A B, and whose magnitude is given by the number of units 
of length in A B on any suitable scale. Hence the same 
construction which serves to determine the resultant of two 
simultaneously communicated velocities may also be used 
to find the resultant of two forces acting on a body at the 
same time, or ** if two forces represented in magnitude and 
direction by two straight lines meeting at a point, act upon 
a body, they will together be equivalent to a single force re- 
presented by the diagonal passing through the point, at 
which the straight lines meet, of the parallelogram of which 
they are adjacent sides." 

Newton's third law of motion is, " To every action there 
is an equal and contrary re-action ; or the mutual actions of 
any two bodies are always equal and oppositely directed^* 

In this law, Newton points out that force is always dual, 
that whatever change of momentum is produced in a body 
by any pull, push, or pressure, exerted by another body, 
precisely as much will be communicated to this body in an 
opposite direction. 

The action and re-action taken together constitute what 
is termed a stress, and the forces may be regarded as 
aspects of this stress. We have familiar instances of the 
application of this law in the recoil of a gun, and in the 
ascent of a rocket caused by the downrush of heated gases 
escaping from its lower end. Again, when (as will be con- 
sidered in the next section) the earth attracts the moon and 
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keeps it in its orbit, the moon also attracts the earth, this 
attraction being the chief cause of the phenomena of the 
tides. In a second interpretation of this law given by 
Newton, there is contained (as was first pointed out by 
Lord Kelvin and Professor Tait) almost the whole of the 
modern doctrine of energy (ch. iv.). 

2. The Law of Gravitation. — We will now consider how 
a knowledge of the laws of motion enabled Newton to give 
a DYNAMICAL interpretation of the kinematical laws of 
planetary motion discovered by Kepler. It will be evident, 
in the first place, that the force required to account for a 
body moving in a nearly circular path is not, according to 
the first law of motion, one to keep up motion, as Kepler had 
thought, but one to alter it from a straight line into an 
elliptic or circular orbit. Thus in Fig. i6, a body at B 



A 



Fig. 15- 



would naturally, when once started, move on uniformly in 
the direction B C for ever, if not acted upon by some 
force; in order to deflect it into the circular path B D, it must 
be pulled towards A, the centre of its orbit, by some con- 
tinually acting force. Now, in the case of the planets it had 
already been suggested that since the sun is inside the orbit 
of each planet, the force required might be one acting to- 
wards its centre. A pupil of Galileo's, named Borelli, had, 
indeed, compared the case of the sun and a planet with that 
of a stone whirled at the end of a string. Newton's first 
idea of the law of gravitation was suggested by a considera- 
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tion of the moon's motion. Could "gravity," he thought, 
the well-known force which gives to terrestrial bodies their 
property of weight, and causes them to fall to the ground, 
also be the force which bends the moon's path into her 
nearly circular orbit ? It appears to have already occurred 
to several observers, that the force which pulls the p'anets 
towards the sun might decrease according to the square of 
the distance, />., at twice the distance be a quarter as great, at 
three times the distance one-ninth as great, and so on. [This 
law was suggested by the analogy of light, it being known 
that if the light from a luminous body falls upon a surface, 
the quantity of light which the surface receives varies in this 
manner, as may be seen by an inspection of Fig. 15. The 
light from the luminous point S is 
supposed to fall upon a square 
disc A placed at unit distance, and 
it is evident from the figure that if 
A be removed, the same amount 
of light would fall upon the disc B, Fig. 16. 

four timesjas great, placed at twice the distance from S. 
Hence the light which falls upon a portion of B, equal in size 
to A, will be one-fourth of the amount which falls upon A, that 
is, the amount of light received will vary as the square of 
the distance from the luminous source.] 

Newton then calculated what would be the force of 
gravity at the distance of the moon from the earth if 
it continued so far, on the supposition that it decreased 
according to the law of inverse squares. Owing, however, 
to a mistaken estimate of the moon's distance from the earth, 
the result of the calculations did not agree with the result 
of direct observation on the form of the moon's orbit, and 
he abandoned the idea for a time. This was in 1665, 
when Newton was 23 years old. 
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It will be useful to consider here without entering into 
details (which will be found in any astronomical treatise) the 
way in which the moon's distance can be determined. 
For this purpose we require to find the moon's parallax, 
that is the angle between its direction as seen from two 
diflferent places on the earth's surface. If simultaneously 
observed for example from two observatories, A and B 
situated on the same meridian, 
the moon will evidently not ap- 
pear at both places in the same 
position among the stars, but will 
be seen from A in the direction A Si 
(farther to the south) and from B in 
the direction B So. The angle 

Fig. 17. * »j 

A M B is the parallax corresponding 
to the arc of meridian A B between the two observa- 
tories. From the value of this angle the moon's horizontal 
parallax, or the angle subtended by the earth's radius as 
seen from the moon, may be determined. This angle is found 
to be approximately 57*2" whence by trigonometry it may be 
proved that the moon's distance is, roughly speaking, 60 
times the length of the earth's radius, or 240,000 miles. 

In 1679 Picard made a new measurement of the 
earth's radius, and three years afterwards Newton 
heard at the Royal Society of Picard's result, which 
diflfered considerably from the value assumed by Newton 
in his earlier calculations. With a more correct estimate 
of the moon's distance, Newton returned to the theory 
which he had suggested in 1665, ^"^ succeeded in showing 
the complete accord of the theory with the observed rate of 
movement of the moon. We have seen that the attraction 
of the earth on a body at its surface causes it to fall through 
a distance of rather more than 16 feet from rest in one 
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second, therefore if Newton's idea of the law of Gravitation 
were correct, it followed that at the distance of the moon 
(60 times farther off from the earth's centre) the pull of the 
earth's attraction would be just able to cause a body to fall 

through ,-— — or — — foot or — foot in one second : (for 
(60)2 3600 225 ' ^ 

by the second law of motion, the moon falls towards the 
earth just as much each second as if it had no orbital veloc- 
ity) ; in other words, the distance through which a falling 
body is drawn in a second at the earth's surface would 
be 3600 times as great as that through which a falling 
body would be drawn at the distance of the moon. Now, 
it is of course easy to calculate from the size of the moon's 
orbit and the time taken to describe it what the deflection 
of the moon's path from a straight line in any given time 
actually is, and Newton found that the moon was thus 
pulled towards the earth by just ^J^^ foot in a second, thus 
showing that the force exerted by the earth upon the moon 
is really the same force. During the two next years Newton 
worked out completely the great theory of gravitation, 
showing that it follows from Kepler's first law that each 
planet is held in its orbit by a force directed to the sun's 
centre ; from his third law, that it is the same force for all 
the planets, and from the first and third laws, that the force 
varies in each case inversely as the square of the planet's 
distance from the sun ; the same force, moreover, acts 
between the planets themselves, each planet being attracted 
by all the other planets as well as by the sun, and hence 
perturbations are introduced into the form of their orbits, 
which are found to be not quite in accordance with Kepler's 
laws. These perturbations, or disturbances of what would 
otherwise be the simple elliptic motions of the heavenly 
bodies are especially marked in the case of the moon. 
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Certain of these irregularities are due to the oblateness of 
the earth's figure, whereby the moon is pulled not quite to 
the earth's centre. Such phenomena as this show that it is 
not only the centres of the different bodies which attract one 
another, but that every particle attracts every other particle. 
In 1687 Newton produced his great work, the "Philoso- 
phiae Naturalis Principia Mathematica," commonly known as 
the ''Principia," in which all these facts are summed up in the 
statement that "every particle of matter in the universe 
attracts every other particle with a force varying directly as 
the product of their masses, and inversely as the square of 
the distance between them." It is sometimes popularly 
stated that Newton discovered " Gravity," and " explained 
why bodies fell to the ground." This is quite an erroneous 
view of Newton's great work. The idea of gravity as some 
force attracting bodies towards the earth's surface was not a 
new one, and Galileo had already, as we have seen, partially 
investigated its action ; but no one had suggested that this 
same force of gravity kept the earth and the other planets 
in their orbits, still less that every particle in the universe 
possessed this wonderful power of attracting every other 
particle in the way stated by Newton in his law of universal 
gravitation. The real cause of gravitation is not touched 
upon in the "Principia." Since Newton's time several 
theories have been advanced to account for the phenomena 
of gravitation, but none of the in can be regarded as being 
more than suggestive speculations. It has already been 
mentioned that a body weighs less at the equator than it 
does nearer the poles. It will be seen that this follows 
from the law of gravitation, and the non-sphericity of the 
earth, for a body at the poles being nearer to the centre of 
the earth, the pull of gravity will be stronger there. It can 
be shown that gravity should be ^lu^th less at the equator 
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than at the poles, if we merely take into account the effect 
produced by the shape of the earth, but it is actually 
tH ^css. The difference (yj^) is due to the tendency of a 
body at the equator to fly outwards along the straight line 
in which it is moving at any given time. (This tendency is 
often conveniently, though not very accurately, spoken of 
as centrifugal force). It constitutes an additional argu- 
ment for the rotation of the earth, for the difference is 
exactly what calculation shows should be the case if the 
earth be rotating on its axis once every 24 hours. The 
shape of the earth itself Newton explained as being due to 
the same centrifugal tendency. Newton also showed how 
from the laws of motion a very strong argument in favour 
of the earth's rotation can be deduced from the motion of 
falling bodies ; for since a body at a considerable height 
above the earth's surface has a greater eastward velocity 
(since it moves in a larger circle) than a body on the surface, 
it ought to fall somewhat to the east of the vertical. The 
experiments made in Newton's time were not conclusive, 
the amount of fall being too small to give a measurable 
deviation. Among subsequent experiments, those of Prof. 
Reich in the mines of Freiberg, are perhaps the most strik- 
ing. As the result of 106 experiments in which balls were 
dropped through a distance of 488 feet, there was a mean 
deviation of 0*46 lines to the south, and 10*32 lines to the 
east. 

One of the most striking proofs of the theory of gravita- 
tion is that furnished by the discovery of the planet Nep- 
tune. In 1 78 1 Sir W. Herschell discovered the planet 
Uranus. After its motion had been carefully studied, an 
orbit was assigned to it, and for some time its observed 
motion agreed very well with the theory ; then for several 
years it was found to be in advance of its calculated position, 
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and afterwards it began to fall behind. It had been sug- 
gested that these irregularities might be accounted for by 
the perturbing influence of an unknown planet outside 
Uranus, and in 1846, Leverrier (in France) and Adams (at 
Cambridge) independently worked out the very difficult 
problem of assigning the approximate mass and position of 
an exterior planet which would produce the observed irregu- 
larities. The results obtained (by different methods) were 
very nearly the same, and on the 24th of September in the 
same year the new planet was first recognised by Dr. Galle 
of Berlin, within a degree or so of the place assigned to it. 

3. The Weight of the Earth. — In order to weigh the earth 
all that we have to do is to compare the attraction of a large 
heavy ball (say of lead) upon a small suspended body, with 
the weight of the body, that is with the attraction of the 
earth upon it. The experiment was first made by Cavendish, 
who used a ** torsion balance " to measure the attraction of 
the lead balls. By making use of the fine elastic fibres of 
quartz obtained by Professor Vernon Boys (p. 68), it is 
possible to measure the force of attraction between bodies 
as small as ordinary bullets. 

From his experiments, Cavendish concluded that the 
earth is about 5 J times heavier than if it were a globe of 
water. This result has been confirmed by other methods. 

Referenceii, — Works cited on page 30, and (for laws of motion) 
MaxweU's Matter and Motion, 

Section III, — Consequences of the Earth^s Rotation and 
Revolution, 

I. The Seasons. — It will be convenient to briefly consider 
here how the earth's daily rotation on its axis and its annual 
revolution round the sun, cause the phenomena of day and 
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night, and of the changes of the seasons. It can be shown 
that the momentum of the earth's rotation is sufficient to 
render the position of its axis constant (just as in the case 
of a gyroscope), so that it always moves parallel to itself, 
makmg an angle of 66^ 33' with the ecliptic or plane of the 
earth's orbit, and points in the same direction to the heavens : 
(this statement is not strictly accurate). Now, as the earth 
rotates on its axis, one half of it is always exposed to sun- 
light, the other remaining in darkness, but as the hemisphere 
of light or darkness lies obliquely to the axis (Fig. 18), it 
will be seen that 
the length of 
day and night 
will vary at dif- 
ferent parts of 
the earth's sur- 
face at different 
times of the 
year. When the 
earth is at E 
(at the summer 
solstice of the 
northern hemisphere) the north pole is inclined to the sun 
and all the region within the Arctic circle {2^^ from the 
pole) remains in daylight during the whole period of rota- 
tion. Similarly the South Pole is inclined away from the 
sun, and the space within the Antarctic circle remains in 
continual darkness. In this position the middle of the 
illuminated hemisphere is 23^^ N. of the equator (on the 
tropic of Cancer), the highest north latitude at which 
the sun is vertical. The term solstice (standing of the sun) 
indicates that at this time the sun, having reached its 
greatest distance north of the equator, appears to stand 
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still before its motion is changed in direction towards the 
equator again. When the earth is in the positions E and 
Ej neither pole of the earth's axis is inclined towards the 
sun, which will be vertically over the equator, and will seem 
to describe the circle of the equator in the heavens ; the 
illuminated hemisphere will then extend from pole to pole, 
and during the rotation of the earth, all points on its surface 
will have 1 2 hours' sunlight and 1 2 hours' darkness. Then 
day and night are equal all over the earth. Hence the 
term equinox, used to indicate these times (21st March, 
22nd September). At the winter solstice when the earth is 
in the position E4 the south pole will be turned towards the 
sun, which will be vertical over the tropic of Capricorn (so 
called because the sun then enters the constellation of that 
name). Since the tropics include between them all those 
points on the earth's surface at which the sun is ever ver- 
tical, and where, therefore, his maximum heating power is 
felt, the region of the earth's surface thus marked out is 
known as the Torrid Zone. Within this zone the varia- 
tion in the obliquity of the sun's rays is never great enough 
to cause very much diflference in its heating effects. At 
places within the north Temperate Zone (between the 
tropic and the arctic circle) the sun's rays fall much more 
obliquely when the earth is at E4 than when it is at Ej ; in 
other words, at the winter solstice, the same amount of 
solar radiation will fall upon a much larger space ; more- 
over, it will have to pass through a greater depth of atmo- 
sphere, which absorbs some of the heat. This is the chief 
cause of the greater heat of summer and cold of winter, 
another being the greater length of day in summer, whereby 
the earth receives heat for a longer time. As, however, 
during the summer more heat is received in the dny than is 
lost by radiation into space at night, the supply goes on 
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accumulating, as it were, and thus the greatest heat of 
summer occurs nearly a month after the summer solstice. 
It will be seen from the diagram that winter in the northern 
hemisphere and summer in the southern hemisphere occur 
in perihelion (when the earth is nearest to the sun). Since, 
however, according to Kepler's second law, the earth moves 
more rapidly when near the sun, the greater heat of the 
southern summer is compensated for by its shorter duration. 

2. Deflection of Bodies moving on the Earth's Surface. — 
Since any place situated on the equator is moving with an 
eastward velocity of over i,ooo miles an hour, while places 
situated in latitude 60° are moving at only half this rate 
(just as in a wheel a point on the outer rim moves faster 
than the hub), it will be seen that if a body, say a cannon 
ball, were to be projected from the equator towards the 
North Pole, it would, in virtue of its greater eastward velo- 
city (according to the first law of motion), be moving re- 
latively to the earth in a N. E. instead of a N. direction, 
while, on the other hand, a body projected from the North 
Pole towards the equator, and thus continually reaching 
places having a greater eastward velocity, would move in a 
S. W. instead of a S. direction. In each case the deflection 
would be to the right hand. Similarly bodies moving in 
any direction in the southern hemisphere are deflected by 
the earth's rotation towards the left hand. The efl*ects of 
this deflection are actually observed in the ca?e of winds 
and ocean currents (pp. no and 128). 

3. The Tides. — Newton was the first to show how the 
rhythmic rise and fall of the oceanic waters, known as the 
Tides, is due to the combined action of the earth's rotation, 
and the greater attraction of the moon (and sun) upon the 
nearer than upon the more remote parts of the earth. The 
effect of this unequal attraction upon the solid lithosphere 
is not marked, but the liquid hydrosphere is caused to 
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assume a raore spheroidal form, the water being heaped up 
on opposite sides of the earth. Owing to the earth's rotation 
the two crests with their intervening troughs thus produced 
are not stationary, but tend to follow the moon, so that 
high water and low water occur (speaking generally) twice 
every lunar day of 24 hours, 54 minutes ; the interval be- 
tween high and low tide being thus about (>\ hours at any 
one place. Owing to the irregular configuration of the land 
and sea the actual movements of the oceanic waters are ex- 
tremely complex, and cannot be explained without mathe- 
matical reasoning. The tidal action of the sun is less than 
that of the moon in the proportion of about 2 to 5, because, 
although his mass is enormously greater, he is so much 
farther away from the earth. ^ At new and at full moon 
the solar and the lunar tides act conjointly, and we get spring 
tides. At half moon they act in opposition and we have 
the lower neap tides. ^ 

Similar tides are produced in the atmosphere, but the air 
is so much affected by other causes that they are hardly 
perceptible. 

The influence of tidal action in the evolution of worlds 
will be noticed in Chapter VI. 

References, — Proctor, The Seasons Pictured (Longman). And for 
Tides, Lord Grinithorpe's Astronomy without Mathe- 
matics (S.P.C.K.). And The Tides, by T. K. 
Abbott (Longman). 
The attraction of the sun upon the earth as a whole is 200 times 
greater than that of the moon, but the difference between the attract- 
ing force upon the nearer and more remote sides of the earth is less 
in the case of the sun than in that of the moon, and it is this dif- 
ferential attraction which causes the tides. 

8 Neap — scanty or nipped; »/?riw//— uprising or upsiringing. 



CHAPTER III. 

THE MATERIALS OF THE EARTH. 

Section L — Matter and its Forms. 

I. Ohemical and Physical Changes. — That we are sur- 
rounded on all hands by a number of diflferent substances, 
each possessing its own distinctive properties, is a fact 
familiar to everyone. Iron evidently differs in many re- 
spects from wood, and water from alcohol and mercury. 
That these and many other substances are liable to constant 
change is also a matter of common observation. The iron 
rusts if left exposed to the air; the wood if sufficiently heated 
in the air burns away, and for the most part disappears ; the 
water if heated boils, and in cold weather freezes into solid 
ice. Some of these changes we call chemical changes, 
the others we call physical changes. In chemical changes, 
change of properties is always accompanied by change of com- 
position. The conversion of ice into water, or of water into 
steam, is merely a temporary change of state. The steam 
when cooled condenses again into the liquid water, which, 
when further cooled, passes back into the solid ice. When, 
however, a current of electricity is passed through water 
(rendered slightly acid by the addi:ion of a few drops of 
sulphuric acid) a more permanent change of composition re- 
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suits ; bubbles of gas (Fig. 19) are seen to rise through the 

water from the platinum wires 
or plates connected with the 
battery, and when collected 
and examined, it is found that 
two distinct kinds of gas have 
been produced ; one of them, 
that produced at the negative 
electrode (wire coming from 
zinc plates of battery) burns 
with a pale bluish flame, when a lighted match is brought 
near to it. This gas is called hydrogen. The other, that 
produced at the positive electrode (wire coming from copper 
or carbon plate of battery) does not itself biirn, but will 
re-kindle a glowing match, and cause it to burn with more 
than usual brilliance. This gas is known as oxygen. These 
two gases when left standing together do not spontaneously 
return to the form of water, as steam does when we allow it to 
cool (if, however, a light be applied to the mixture an explo- 
sion occurs, and the gases are found to have disappeared, leav- 
ing a small quantity of water as the product of their union). 
If some powdered sulphur or brimstone be placed in 
a test-tube and gently heated, it will be observed to 
melt into a pale yellow liquid, which darkens on further 
heating, and becomes somewhat thick and treacly, com- 
pletely liquefying again as the heating is continued. If 
now the hot liquid be poured out into cold water a soft 
substance resembling caoutchouc is obtained ; throughout 
all these changes, however, the sulphur remains sulphur ; 
the liquid soon passes back into the ordinary yellow solid, if 
allowed to cool slowly, while the soft plastic substance ob- 
tained by suddenly cooling the liquid becomes crystalline 
and brittle again spontaneously when kept for some lime. 
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(This substance is known as an allotropk modification of 
ordinary sulphur.) Now if, instead of heating the sul- 
phur in a tube, it be heated in the open air, a chemical 
change occurs ; it takes fire and forms a new substance 
known as sulphurous acid gas, which possesses a suffocating 
smell, and from which the sulphur cannot readily be re- 
covered in its original form. It is found by further experi- 
ments that this sulphurous acid gas contains oxygen (derived 
from the air) as well as sulphur. 

2. The Effects of Heat upon Matter.— If a few cr>'stals 
of CHLORATE OF POTASH be placed in a test tube, and 
gently heated by means of a spirit lamp or Bunsen burner, 
the following series of changes will be observed : — The first 
effect of heating the crystals is to raise their temperature. 
If shaken out into the hand, they will be found to feel hot, 
(By temperature we mean " the quality of a body in virtue 
of which it seems hot or cold." A body which feels hot to 
the hand is said to be at a higher temperature than the 
hand.) This increase of temperature is accompanied by ex- 
pansion^ which causes the crystals to fracture with a crack- 
ling noise. On continuing to heat the chlorate of potash, 
a change of state occurs. The solid crystals melt into a 
clear, transparent liquid. This liquid is still chlorate of 
potash. If allowed to cool, it becomes solid again. If the 
heiating be continued, however, a chemical change occurs. 
Bubbles of gas are seen to rapidly rise through the liquid, 
and this gas is found, on testing with a glowing splinter of 
wood, to be oxygen. What is left in the tube, when all the 
oxygen has been expelled, is no longer chlorate of potash, 
but a substance known as potassium chloride, possessing 
quite distinct properties, as, for instance, a different taste. 
This experiment, then, illustrates the four most common 
effects of heat upon matter, viz. : — (i.) Change of temper- 
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ature, (ii.) expansion, (iii.) change Of state, (iv.) 
chemical change. It is desirable to consider these 
changes a little more in detail. We have already 
nottd that the word temperature relates to the hot- 
ness or coldness of a body, i.e., to its thermal state, 
or power of imparting heat to, or of taking heat from, 
other bodies. Two bodies are said to be of the 
same temperature if, when placed in contact with 
one another, there be no gain or loss of heat from 
one to the other. Ify when thus placed together, 
one body gain and the other lose heat, the body 
which imparts heat to the other is said to have the 
higher temperature. In nearly all cases increased 
temperature is accompanied by expansion ; and we 
make use of this expansion to measure temperature 

,1^ by means of a thermometer, which usually consists 
of a fine closed glass tube, having a bulb at one end 
containing mercury, as shown in Fig. 20. When the 
bulb is heated, both glass and mercury expand, but 

w the mercury expands much more than the glass, 
and consequently the mercury column rises in the 
tube. The thermometer is graduated by first 
placing it in melting ice, and marking on the stem 

^ the point to which the mercury sinks, and then 
immersing it in steam or boiling water, and mark- 
ing the point to which the mercury rises. The 
distance between these two fixed points (termed 
the freezing point and the boiling point) is after- 

i wards divided into an arbitrary number of equal 
divisions or degrees. In the Fahrenheit thermo- 
meter (generally used in this country), the freezing 
Fig. 20. point is indicated by 32°, and the boiling point by 
2 1 2**, there being thus 1 80° between the two. In the 
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centigrade thermometer, which is almost invariably used 
in scientific observations, the freezing point is marked zero, 
and boiling point loo. It will thus be seen that a rise of 
loo^ on the centigrade thermometer corresponds to a rise 
of 1 80^ on the Fahrenheit, or the length of a degree 
Fahrenheit is \^ or | of a degree centigrade.^ 

We have seen that mercury and glass do not expand 
equally for equal increments of temperature. A simple 
experiment serves to show that two different metals such 
as steel and brass may have unequal rates of expansion. 
A strip of brass and a strip of steel are riveted or soldered 
together, and hammered out quite straight. On heat- 
ing the compound bar thus formed, it bends, owing to 
the fact that the brass expands more than the steel, which 
therefore forms the concave side of the bend. The increase 
in length of a bar one unit long at o®, when the temperature 
is raised 1^, is called the linear co-efficient of expansion for 
one degree ; thus the co-efficient of expansion of brass is 
•000016, that of iron '000012. A bar of iron which 
measures i foot at o^ C. becomes i '000012 feet at i** C, 
1-000024 feet at 2^ C, and so on. The co-efficient of 
cubical expansion of a solid is approximately three times the 
co-efficient of linear expansion. 

Water, when near its melting point, is an important 
exception to the general rule of expansion by heat. When 
fresh water is cooled it contracts regularly down to the 
temperature of 4° C. (39° F.), but afterwards begins to ex- 

1 Hence the following rules : — To convert Fahrenheit readings into 
centigrade, subtract 32, and multiply remainder by J. 

To convert centigrade readings to Fahrenheit, multiply by J, and 
add 32 to the product. 

For example, 1 5° C. = ( 1 5 x f ) + 32 = 59° F. 

Temperatures below o are distinguished by prefixing a minus sign, 
and in calculating, this sign must be treated as in algebra. 
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pand, until in the act of freezing it increases in bulk by 
about y^^. Water is thus densest or heaviest at 4** C, and 
ice is lighter than an equal bulk of water, and hence floats. 
Owing to this peculiar property, the surface water of a cool- 
ing lake or pond sinks through the warmer water to the 
bottom until the temperature of 4° is reached, after which 
the coldest water remains at the surface until it freezes into 
floating ice. Were it not for this behaviour of cooling water 
the ice would accumulate at the bottom of lakes or rivers, 
and a severe winter would freeze the whole into a solid mass 
of ice which the summer heat might not be able to melt. 

Owing to the expansive force of freezing water, pipes are 
often burst during a severe frost, and rock masses are 
fractured and disintegrated by the freezing of water con- 
tained in cracks and fissures. The popular fallacy that 
pipes are burst by a thaw is due to the fact that no leakage 
is usually discovered until the thaw melts the solid plug of 
ice which had previously filled the pipe. 

We are all familiar with the fact that matter exists in three 
diff*erent states or conditions : the solid, the liquid, and 
the GASEOUS state. A solid body, such as iron or wood, 
has a definite shape of its own, and possesses a considerable 
amount of rigidity or resistance to forces tending to change 
its shape. Liquids and gases have no definite shape of 
their own, but accommodate themselves to the shape of the 
vessels in which they are contained ; they have little rigidity, 
off*ering practically no resistance to forces tending to change 
their shape. The term fluid is used to include both 
liquids and gases. Gases are distinguished from liquids 
mainly by their power of indefinite expansion. If a small 
quantity of gas be introduced into a vacuum, the gas will 
spread or diff*use through the entire space so as to be uni- 
formly distributed therein. On the other hand, a liquid, 
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such as water or mercury, will not, under similar conditions, 
appreciably increase in volume, and will continue to have a 
free surface separating it from the space above. Gases are, 
moreover, much more compressible than liquids; air, for 
example, is 10,000 times more compressible than water. 

The chief condition that determines the state which 
bodies assume is temperature. If we take some very cold 
ice pounded small, and apply heat to it, the ice will not 
immediately begin to melt, but its temperature will begin to 
rise, as may be seen by keeping it stirred with a thermometer. 
When the thermometer marks 32° R, the ice melts and be- 
comes water, and the mercury stops rising, remaining 
stationary at this point until all the ice is melted. The 
whole of the heat received after melting begins is spent in 
producing change of state, and none of it in raising the 
temperature. If we continue the application of heat, the 
water gets warmer, and the mercury in the thermometer 
goes on rising until it reaches 100** C. At this temperature, 
under ordinary atmospheric conditions, the water begins to 
boil, and the mercury again stops rising, and remains 
stationary until all the water has been turned into steam 
or " boiled away." The fact that a great deal of heat is 
required to convert ice at 0° C. into water at the same tem- 
perature, or to convert water at 100° into steam at 100° 
was first experimentally demonstrated by Joseph Black 
about the year 1760, and he called this heat "latent heat." 
It is found not only in the case of ice melting and water 
boiling, but in all cases of a solid passing into a liquid, and 
of a liquid passing into a gas; heat is similarly absorbed. If 
a little ether be poured into the palm of the hand, it quickly 
evaporates, or becomes converted into vapour, and in so 
doing absorbs heat from the hand, which consequently feels 
the sensation of cold. A thin glass vessel containing ether 
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can be readily frozen to a wet table by blowing into it 
with a pair of bellows. Most liquids and some solids 
evaporate when exposed to the air. Those which, like 
ether, very readily pass into the gaseous condition are said 
to be volatile. On pouring a few drops of ether into a 
jug (warmed before the fire, or by rinsing it out with hot 
water) the ether quickly evaporates, filling the jug with 
heavy vapour, which may be poured into a number of warm 
glasses, and then ignited with a taper. Evaporation differs 
from ebullition, in that the vapour is formed at the free sur- 
face of the liquid only, and not (as in boiling) within the 
liquid. When steam is passed into cold water, it condenses, 
and in so doing gives up the heat consumed during the 
process of boiling : similarly the " latent heat " of a liquid 
is given up when it solidifies. Thus if we mix i lb. of 
water at o*" C. with i lb. of water at ioo° C, we shall find 
(on testing with a thermometer) that we get 2 lbs. at 50"^ 
C, the one pound in cooling from lod" to 50° raises the other 
from 0° to 50° ; if, however, we take a pound of water at o® 
and pass steam into it until the temperature reaches 50°, 
we shall find (by weighing) that only about i^ oz. of steam 
has been added. By experiments of this kind, conducted 
with certain precautions, it has been found that the amount 
of heat given out by a found of steam at lod" in condensing to 
water at 100^ is enough to raise ^3^ i^s. of water from o^ to i'\ 
The amount of heat required to raise a unit weight (say a 
pound) of water through i degree (from o^ to 1°) is called 
a unit of heat. We say, therefore, that the latent heat of 
steam is S3^ thermal units. Similarly the latent heat of 
fusion of ice is found to be yg thermal units^ or it takes as 
much heat to convert i lb. of ice at 0° into water at 0°, as 
would raise 79 lbs. of water from 0° to 1°. It will be 
noticed that in defining the unit of heat we do not say a 
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unit weight of any substance, but we specify the particular 
substance water ; this is necessary because it is found that 
the heat capacities of equal weights of different substances 
vary greaily, that is, they require different amounts of heat 
to produce equal changes of temperature in them. One 
pound of water, for example, in cooling from 100"^ to 50° 
is able to raise about 30 lbs. of mercury from 0° to 50° 
This is expressed by saying that the gpecific heat of mercury 
is ^^^, the specific heat of water being considered as unity. 
Water has a higher specific heat than any other substance, 
hence it takes a longer time to get hot and a longer time to 
cool again. It is mainly to this high specific heat of water 
that we owe the great effects of the oceanic waters in modi- 
fying climate. The specific heat of air is about 4*2 times 
less than that of water ; hence i lb. of water in cooh'ng 
through 1° would heat 4*2 lbs. of air through 1° ; but water 
is about 770 times as heavy as air, therefore a cubic foot of 
water in cooling through a certain number of degrees would 
warm more than 3000 cubic feet of air through the same 
number of degrees. The specific heat of the land masses 
is, roughly speaking, \ that of water ; moreover, the land 
both absorbs and radiates heat more readily than the sea, 
hence places near the sea have not such great extremes 
of temperature as inland places in otherwise similar situa- 
tions; the excess of summer heat being slowly absorbed 
and stored up in the water and given out to mitigate the 
winter's cold. 

3. Properties of Gases. — It is only within comparatively 
recent limes that men have come to understand that just 
as there are many different kinds of solids and liquids, so 
there are many distinct kinds of gases, which, though often 
colourless and invisible, can easily be shown to differ from 
one another. One of the first chemists to clearly prove this 
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fact was Joseph Black (some time Professor of Chemistry in 
the University of Edinburgh), who, in 1752, collected a 
peculiar gas obtained by the action of heat or of dilute acids 
upon ordinary limestone or chalk. To this gas he gave the 
name, ** fixed air," because it was absorbed or fixed by 
lime, and by alkalies (such as potash or soda). It is now 
commonly known as carbonic acid gas. Black established 
the existence of this " air " in the expired breath of animals, 
and showed that it was present in the air evolved during 
fermentation. He demonstrated some of the properties 
which serve to distinguish this gas from ordinary air, such as 
its power of combining with quicklime to form chalk, and 
its incapability of supporting animal life. The first full 
account of the properties of this gas was given in 1 766 by 
Cavendish. Some of the more important of these proper- 
ties may be illustrated by the following experiments. The 
gas may be conveniently prepared by pouring dilute hydro- 
chloric acid upon some lumps of marble contained in a 
Woolfs bottle A (Fig. 21), furnished with a delivery tube C, 
by which the gas can be led to the pneumatic trough D 
and collected over water ; or the acid may be poured upon 
powdered chalk spread over the bottom of an ordinary pail, 
when the gas soon fills the pail, and may be removed 
by gently lowering into it a jug or bottle, from which again 
it may be poured into tumblers or wine-glasses. In each 
case its presence may be proved by means of a burning 
taper or candle which is at once extinguished when lowered 
into the gas. The weight of the gas may be further shown 
by pouring some of it into a glass beaker placed in one pan 
of a delicate balance and equipoised ; it will be found that 
when the air originally contained in the beaker is displaced 
by the carbonic acid gas, the pan containing the beaker de- 
scends. Soap bubbles blown in the ordinary way will 
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remain for some time floating upon the gas contained in a 
large open jar. (For this experiment, however, the gas 
must be free from traces of hydrochloric acid which would 
destroy the soap film.) If some of the gas be passed into 
a clear solution of lime water, the lime water is rendered 
milky owing to the formation of a precipitate of carbonate 
of lime, or chalk. This serves as the most convenient test 
for the presence of carbonic acid gas. If the gas be shaken 




Fig. 21. 

up with ordinary water, some of it dissolves in the water, 
which acquires a slightly acid taste. 

In 1766, Cavendish investigated the gas, which he called 
" inflammable air," now known as hydrogen, which, as we 
have already seen, is produced (together with oxygen) when 
a current of electricity is passed through acidulated water. 
This gas may be most readily prepared by pouring dilute 
hydrochloric or sulphuric acid upon granulated zinc, and 
collecting the gas as shown in Fig. 31. It is the lightest 
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substance known, being about 14.} limes lighter than ordi- 
nary atmospheric air. It can as easily be poured upwards 
as carbonic acid can be poured downwards, and soap 
bubbles, if filled with hydrogen, rise rapidly through the 
heavier air. 

The quantity of matter contained in a unit volume of any 
substance is termed its density. The specific gravity of a 
substance is the ratio of its density to the density of some 
standard substance, such as water. The density of gases is 
usually very small compared with that of water. Thus, 
water is about 500 times as dense as carbonic acid gas, and 
more than 1 1,000 times as dense as hydrogen, when these 
gases are measured at a temperature of 0° C, and under 
ordinary atmospheric pressure (page 102). One litre of water 
under these conditions weighs 1000 grammes, a litre of 
hydrogen '0896 grammes, and a litre of air i '29 grammes. 

We have seen that gases differ from liquids, in that they 
very readily expand and contract under variations of pres- 
sure; the relation that exists between the volume of a 
gas and the pressure to which it is subjected (the tempera- 
ture remaining constant) was first stated by the Hon. 
Robert Boyle (one of the original members of the Royal 
Society of London) about the year 1662. He showed that 
(within certain limits) /Ae volume of a gas varies inversely as 
the pressure ; if the pressure be doubled the volume of the 
gas will be halved, if the pressure be halved, the volume of 
the gas will be doubled, and so on. This statement is 
known as Boyle's law. It has since been shown by the 
experiments of Amagat, Cailletet and others, that Boyle's 
law is not strictly true for any known gas, and when the 
pressure is very great, a considerable deviation usually 
occurs. 

The relation that exists between the volume of a gj^s 
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and its temperature is expressed by the Law of Charles 

(sometimes called Gay Lussac's law), which states that '*a 
gas at constant pressure expands by the same fraction of 
its volume at o° C. for each rise of temperature of one degree 
measured by the Mercury thermometer," This fraction is 
found to be very nearly the same for all gases, %nz. -^\^^ so 
that one volume of a gas measured at o° C becomes i^|^ (or 
1.003665) at i"^, i^y^ at 2°, and so on : the volume of a 
gas being, therefore, doubled when its temperature is raised 
from 0° to 273° C. The experiments of Regnault and others 
have shown that the co-efficient of expansion is not strictly 
the same for all gases, but the differences in the case of the 
more permanent gases are very small. We may roughly 
illustrate this law of the equal expansion of different gases 
by plunging two equal flasks, filled with, say hydrogen and 
oxygen respectively, into the same vessel of hot water 
(Fig. 22), and collecting the gases expelled by the heat in 
separate test 
tubes. If these 
be of equal size 
it will be seen 
that the water 
stands at the 

same height in Fig. 2a. 

each. 

If, starting with a certain volume of gas at o*^ C, the 
temperature is lowered, the volume will decrease by ^\^ for 
each degree ; it will thus be seen that at -273° the gas would 
(supposing that the law still held good) occupy no appreci- 
able volume. This temperature is known as the absolute 
zero of the air thermometer, and temperatures reckoned from 
it are called "absolute temperatures." The law of Charles 
may then be stated thus ; the volume of a gas at constant 
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pressure varies directly as the absolute temperature. If we 
imagine a mass of gas whose volume has been doubled by" 
raising its temperature from o° to 273° C, and then com- 
pressed to its original volume without altering the tempera- 
ture, we shall have, in accordance with Boyle's law, double 
the original pressure. Hence, it will be seen that the law of 
Charles may be stated in another form, viz., the pressure of 
a gas whose volume is kept constant varies directly as the 
absolute temperature ; and the laws of Boyle and Charles 
may be combined in the statement that " the product of the 
pressure and volume of a given mass of gas is proportional 
to the absolute temperature." 

Boyle's law was extended by Dalton to the case of two or 
more different gases. When such different gases are mixed, 
the pressure produced by each component is independent of 
the rest, being determined solely by the amount of such 
component present in the mixture. This is sometimes ex- 
pressed by saying that gases behave to one another as 
vacua. 

Many gases when cooled to a low temperature condense 
into liquids, just as steam passes back into water when its 
temperature is lowered. By the combined action of cold 
and pressure, Faraday succeeded in liquefying nearly all the 
gases then known, with the exception of oxygen, hydrogen, 
nitrogen, marsh gas, carbonic oxide, and nitric oxide, which 
were hence styled "permanent gases." Since Faraday's time 
these gases (except hydrogen) have been liquefied. It is 
found that for every gas there is a certain temperature above 
which no amount of pressure, however great, will cause 
liquefaction ; this temperature was termed, by Andrews, the 
critical point. For carbonic acid gas this critical tempera- 
ture is 30-92° C, so that this gas can be condensed to a 
liquid by pressure alone at the ordinary temperature of the 
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air. When the pressure is suddenly relieved the liquid 
rapidly re-assumes the gaseous form, and in so doing pro- 
duces a lowering of temperature sufficient to freeze some of 
the liquid into a solid, resembling snow. The apparatus 
usually employed for this experiment is shown in Fig. 23. 




The liquid is contained in a strong steel cylinder, from which, 
on opening the valve, it escapes into a brass box furnished 
with wooden handles, in which the " snow " collects. 

Oxygen was first liquefied in 1877 by Pictet, in Geneva, 
and (independently) by Cailletet, in Paris. In Pictet's ex- 
periments with oxygen, the gas was cooled to a temperature 
of — 130° C. by surrounding the tube containing it with a con- 
stant supply of liquid carbonic acid, the necessary pressure 
being produced by the gas itself as it accumulated in the tube, 
which was connected with a strong retort wherein the gas 
was formed by the action of heat upon chlorate of potash. 
In Cailletet's experiments the gas was compressed in a 
glass tube by hydraulic machinery, and cooled by the rapid 
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expansion due to sudden release of the pressure : under 
these circumstances the liquid appeared for a moment as a 
mist in the tube. Pictet may then be said to have used 
internal pressure and external cold, while Cailletet em- 
ployed external pressure and internal cold. More recently, 
Professor Dewar (utilising the extreme cold produced by the 
evaporation of liquid ethylene) has obtained liquid oxygen 
and liquid air in much larger quantities, and has made 
many extremely interesting experiments with these liquids. 
It was found possible to preserve the liquids for some time 
in open vessels provided with double walls and bottoms, 
the space between the two being exhausted of air, and thus 
constituting a very perfect non-conducting vacuum jacket 
Phosphorus (which is readily attacked by gaseous oxygen) 
when placed in the liquid (the temperature of which was 
1 80 degrees below zero centigrade) was quite unaffected. 
Another very interesting fact discovered by Dewar was that 
liquid oxygen is attracted by a powerful magnet, and will 
dash up out of the vessel containing it and cling to the 
poles of the magnet until it disappears by rapid evapora- 
^ tion. 

We have seen that carbonic acid gas is heavier than air, 
and that it can be poured from one vessel to another. 
Nevertheless, if a tumblerful of the gas be left open to the 
air for some little time it will be found, on testing with a 
lighted candle, that the gas has escaped, its place being 
taken by ordinary air. This tendency of gases to difEuse 
was investigated by Dalton in 1800, and subsequently in 
1832 by Graham, who showed that lighf gases diffuse more 
rapidly than heavy ones, the law being that the rates of 
diffusion vary inversely as the square roots of the densities 
of the gases; for example, the relative densities of hydrogen 
and oxygen are as i to 16; the square roots of these numbers 
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are respectively i and 4 ; the law then states that if a vessel 
of hydrogen be connected by a fine tube with a vessel of 
oxygen, the hydrogen will diffuse into the oxygen four times 
as rapidly as the oxygen will pass into the hydrogen. 
Graham found that this diffusion of gases readily takes 
place through such materials as unglazed earthenware and 
plaster of Paris. Some very striking experiments can be 
made by taking advantage of this fact. If, for example, the 
open end of a porous pot (A, Fig. 24), such as is used for 
galvanic batteries, he dipped into a soap solution 
so as to cause a film of soap to be stretched 
across it, the soap film will be blown out into the 
form of a bubble by surrounding the pot with an 
atmosphere of hydrogen or coal gas contained 
in a bell jar (B), owing to the increase of pres- 
sure due to the more rapid diffusion of the light Fig. 24. 
hydrogen or coal gas into the heavier air contained in A. 

4, The Theory of Molecules. — When water passes into 
steam it increases enormously in bulk, one cubic inch of 
water becoming nearly a cubic foot of steam. There are two 
possible suppositions as to what takes place in this action. 
The first is that, in expanding, the material of the water 
spreads out so as to completely fill the space with steam ; 
the second is that the matter of both water and steam is 
discontinuous having a grained structure, and that the 
grains or particles are in the steam separated to greater dis- 
tances from each other. Now the phenomena of diffusion 
and the fact that gases behave to one another as vacua 
(p. 60), cannot be satisfactorily explained unless we assume 
that such gases are composed of a number of particles 
separated by interspaces. These separate particles are 
termed molecules, A consideration of the phenomena of 
gaseous diffusion further leads us to conclude that these 
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particles cannot be at rest ; they must be perpetually mov- 
ing about with great velocity in all directions, striking 
against one another, and against the walls of the vessel con- 
taining the gas, and rebounding somewhat as if they were 
perfectly elastic balls. According to the Kinetic theory of 
gases (developed mainly by Clausius and Maxwell) this 
molecular bombardment constitutes the pressure of the gas, 
just as in a jet of water we may have a continuous pressure 
exerted by the repeated impacts of separate water particles. 
The amount of pressure depends upon the average number 
of blows falling in a given time, multiplied by the average 
strength or energy of each. The molecules in their path 
from one part of the vessel to another are continually col- 
liding with other molecules, but the average free path is 
supposed to be several times the thickness of an individual 
molecule. If, by doubling the quantity of gas, the number 
of molecules in a given space be doubled, the number of 
impacts on a given surface in a given time will also be 
doubled. Thus the molecular theory accounts for Boyle's 
law. It is further supposed that an increase of temperature 
corresponds to an increased velocity of the molecules. At 
the absolute zero the molecules would be reduced to rest, 
at other temperatures the molecular agitation is proportional 
to the temperature reckoned from absolute zero. It can 
then be shown that the average energy of each blow varies 
directly with the temperature, so that if we increase the 
temperature without altering the number of molecules the 
pressure is proportionately increased. This, as we have 
seen, is one form of the statement known as the Law of 
Charles. The molecular theory further satisfactorily ac- 
counts for the tendency of gases to diffuse, not only into a 
vacuum but into a space filled with other gases, for the 
presence of such other gases will merely delay the penetra- 
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tion of the molecules into such space by increasing the 
number of colh'sions. 

If we have two equal vessels, one ccn'aining, say, i pint 
of hydrogen and the other i pint of oxygen at the same 
temperature and pressure, then it can be shown by the 
theory that because both gases are at the same temperature 
the average energy of the oxygen molecules is the same as 
the average energy of the hydrogen molecules ; since then 
the pressure (which is made up by multiplying the energy 
by the number of molecules) is the same, it follows that the 
number of molecules in the pint of oxygen is the same as 
the number of molecules in the pint of hydrogen. This is 
the very important principle known as Avogadro's law, 
which states that *^ equal volumes of all gases contain, at the 
same temperature and pressure, the same number of mole- 
cules." This similarity in the molecular constitution of 
different gases explains their equal rates of expansion. 

It is supposed that in liquids the molecules are much 
closer together than in gases (none of them moving for any 
appreciable portion of their paths in straight lines), and that 
attractive forces between the molecules come into play. 
The effects of these molecular attractions are chiefly mani- 
fested at the free surface of a liquid, where the external 
molecules are attracted towards the interior by those behind, 
thus causing a " surface tension " in virtue of which a liquid 
behaves as if encased in a superficial film or skin like a 
stretched india-rubber membrane. It is owing to this tension, 
existing in liquid surfaces, that drops of liquid assume a 
spherical form, that being the shape in which the free surface 
is reduced to the least possible area. 

In SOLID substances the molecules are supposed not to 
travel about from one part to another, but merely to oscillate 
about their mean positions. 

£ 
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From experiments on soap-films (which cannot be 
stretched beyond a certain thickness, estimated at about 
TTnr.Tyw.TTTny ^^ ^^ inch), as well as from other considera- 
tions, it is possible to obtain some idea of the approximate 
size of molecules, and Lord Kelvin concludes that // a 
raindrops the size of a pea, were to be magnified to the size 
of the earthy each molecule being magnified in the same 
proportion^ the molecules would be larger than small shot^ but 
smaller than cricket balls. 

As to the nature of the molecules of matter, perhaps the 
most probable hypothesis is that of Lord Kelvin, who sup- 
poses each molecule to be a rotating portion of an incom- 
pressible fluid which fills all space. This theory is based 
upon the results obtained mathematically by Professor von 
Helmholtz, with regard to the motion of vortex rings (such 
as the well-known smoke rings blown from the lips of a 
smoker), by which it was proved that if such a ring or vortex 
was once produced by a creative act in a perfectly incom- 
pressible fluid it would be absolutely indestructible. 

5. Properties of Liquids. — One of the fundamental pro- 
perties of fluids is that they transmit pressures all directions. 
Thus the pressure of a column of water, due 
to its weight, is exerted upwards and side- 
ways, as well as downwards. This upward 
pressure is easily proved by covering one end 
of a lamp glass with a piece of card, and 
plunging it into a vessel of water, as shown 
in Fig. 25. The pressure of the water holds 
the card up and keeps it pressing against 
the glass. If water be now poured into the 
Fig. 25. lamp chimney the card falls when the water 

level inside and outside is the same. 
From the equality of pressure in all directions, together 
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with the practical absence of friction in liquids, it can be 
shown that 7vhen a solid is immersed in a liquid it experiences 
an upthrust equal to the weight of liquid displaced ; this is 
sometimes called the principle of Archimedes ; it may be 
experimentally proved by means of a metal cylinder and a 
waterproof case (easily made of paraffined paper) into which 
it exactly fits. Placing the paper case in one pan of a 
balance, and hanging the cylinder from the same pan by a 
wire, and counterpoising, it will be found that on bringing 
up a vessel of water below the cylinder so as to immerse it, 
the equilibrium is destroyed ; but it is at once restored by 
completely filling the paper case with water, thus showing 
that the upthrust on the immersed cylinder is just equal to 
the weight of its own volume of water. 

Since the specific gravity oi a substance (p. 58) is equal to 
the weight of the substance divided by the weight of an 
equal volume of water, it follows from the above that the 
sp. gr. of any solid heavier than water can be found by first 
weighing it in air, then weighing it in water, and dividing 
the weight in air by the loss of weight observed when it is 
weighed in water ; if, for example, a piece of stone weighed 
6 grammes in air and 4 in water, its specific gravity would 

be 1 = 3. 

If water or alcohol be poured upon a flat surface it very 
rapidly spreads out into a thin layer ; but honey or treacle 
will take a much longer time to do so. Such liquids, which 
require some time to yield to a shearing stress (that is, to a 
stress tending to move their particles over one another), are 
said to be visoous. 

From the fact that liquids, however viscous, will yield to 
a shearing stress, however small, provided that sufficient 
time be allowed, it follows that, when in open vessels, liquids 
will be in equilibrium only when they have a level surface, 
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for if the surface were sloping, the particles would sooner 

orlaterslide 
A _ _ down the 

inclined 
plane under 
the action 
Fig. 26. o^ g^'^vity. 

Similarly in 
a bent tube the level of the liquid will be the same in both 
bends. This principle is expressed in the common statement 
that **water seeks its own level." We have a well-known illus- 
tration of it in the rise of water in Artesian wells, as shown in 
Fig. 26, where a layer of water has collected in porous sand 
between two beds of impervious clay. On sinking a well at 
A, the water will rise in the shaft and over-flow, owing to the 
pressure due to the height of water in the surrounding rocks. 
We have an exception to the above rule in the rise of 
water above the surrounding level in capillary tubes and 
porous substances, such as sponges. Such "capillary" 
phenomena are related to the " surface tension " of liquids 
mentioned on page 65. 

6. Properties of Solids. — That force which binds to- 
gether the particles of a body is termed cohesion. In solid 
bodies this force is exerted to a far greater extent than in 
liquids. Many solids possess great tenacity, or resistance to 
forces tending to pull their particles asunder, thus a bar of 
steel one square inch in section will be ruptured only by a 
weight of from 50 to 60 tons. A body is said to be ductile 
when it can be drawn out into fibres or threads by a stretch- 
ing force. Glass at a red heat is very ductile, and Professor 
Vernon Boys has shown that quartz or rock crystal, at a very 
high temperature, can be drawn into threads so fine, that a 
lump as big as a walnut would produce a thread long enough 
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to go six or seven times round ike worid. Bodies which can 
be hammered into very thin plates are said to be malleable. 
Gold (the most malleable metal) has been beaten out into 
leaves -^^^^j^ of an inch in thickness. In contrast to those 
bodies we have brittle substances, which are easily disin- 
tegrated or fractured by a blow. Elastic bodies are these 
which on being changed in form or volume by the applica- 
tion of force tend to recover their original form or volume. 
We may thus have eiasiiciiy of bulk and eiasticity of fonn. 
Fluids possess elasticity of bulk only, while solids possess 
elasticity of form also. 

The word hardness, as applied to solid substances, is used 
in somewhat different senses. Mineralogists use an arbitrary 
scale of hardness, in which minerals are arranged so that 
each will scratch any other mineral lower in the scale. The 
scale usually adopted is the following: (i) Talc ; (2) Rock 
Salt ; (3) Calc Spar ; (4) Fluor Spar ; (5) Apatite ; (6) 
Adularia ;^ (7) Quartz ; (8) Topaz \ (9) Corundum (Emery) ; 
(10) Diamond. Bodies of hardness up to 6 (inclusive) can 
be scratched with an ordinary steel knife, and up to 3J 
with a bronze coin ; bodies of hardness i to 2 can be 
scratched by the finger nail. If a mineral be found v/hich 
scratches Felspar, and is scratched by Quartz, its hardness 
is said to be between 6 and 7. 

It is probable that all substances^ if sufficiently cooled or 
heated, could be obtained in the three states of solid, liquid, 
and gas. M. Moissan has recently shown that in the high 
temperature of an electric furnace, rock crystal (the material 
of sand and flint) is almost instantly fused into a liquid, 
which in a few minutes boils vigorously, and becomes con- 
verted into vapour. This vapour, when cooled, passes back 
into the solid state. 

A vaiiety of felspar. 
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Fig. 27. 



7. Crystals. — ^When a substance passes from the liquid, 
or gaseous into the solid state, its molecules often arrange 
themselves in a regular manner, causing the substance to 

assume certain de- 
finite geometrical 
shapes, which, 
differing greatly 
in different sub- 
stances, are usually 
more or less con- 
stant in substances 
of the same kind. 
A familiar example 
of this process of 
crystallisation is seen in the arborescent forms assumed by 
the frost on a window pane. Somewhat similar crystallisa- 
tions may be arti- 
ficially produced 
by allowing solu- 
tions of various 
substances, such 
as saltpetre or bi- 
chromate of pot- 
ash, to evaporate 
upon clean plates 
of glass. 

Snowflakes when 
examined by the 
microscope are 
found to be composed of numbers of minute ice crystals, as 
shown in Fig. 27. The word crystal, meaning clear ice, 
was first applied to the substance rock crystal (see page 
97), which was imagined by the ancients to be but ice 
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" extraordinarily hardened by a long and vehement cold." 
This substance is usually found in six-sided crystals, such 
as shown in Fig. 28 {b), where the parallel upright faces, 
marked with horizontal striaiions, are termed prism 
fianes, and the smooth sloping faces pyramid planes. 
The relative shapes and sizes of these planes are found 
to differ in different specimens of rock crystal, but it 
was shown by Steno (a Danish physician), in 1669, that 
in all specimens, corresponding pairs of faces have the same 
inclination to one another, as shown in Fig. 29, which 
represents the six-sided 
Sections obtained by cut. 
ting two different speci- 
mens of rock crystal per- 
pendicularly to the edges 
of the prism planes. Fi^. 29. 

This may readily be proved by cutting out an angle in a piece of 
card, into which an angle of the crystal just fits, and showing 
that corresponding angles of other specimens also fit into the 
same card. In rock crystal the angle between each pair of 
prism planes is 1 20°. 

Tnis law of the constancy of angles is found to hold 
generally. Bearing in mind that we do not in crystallography 
regard the sizes of the faces, but only their inclinations to 
one another, or, in other words, that 
we do not distinguish between a 
plane and its parallel, it is found 
that all known crystals may be 
placed in one or other of six systems, 
each distinguished by the degree 
of symmetry possessed by the 
crystals belonging to it. When 
Fig. 30. a body can be divided into 

two by a plane, in such a way that the one half bears the 
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same relation to the other that an object bears to its image 
in a mirror, this plane is termed a plane of symmetry. The 
shaded portion in Fig. 28 (e) represents such a plane of 
symmetry, and it will be seen that no other plane of 
symmetry exists in this crystal ; if, for example, we divided 
the crystal into two along the dotted line, the one half 
placed in front of a mirror would not, together with its re- 
flection in the mirror, make up the appearance of the 
original crystal, but would appear as shown in Fig. 30. 
(Such crystals having re-entering angles do sometimes occur, 
and are known as hvin crystals.) 

Classifying crystals by the number of their planes of sym- 
metry we have then the following : — 

(i) Triclinic or Anorthic system (Fig. 28,/); no plane of symmetry. 

(2) MoNOCLiNic or Oblique „ (Fig. 28, c);one plane of symmetry. 

(3) Prismatic or Rhombic „ (Fig. 28, d); three planes of sym- 

metry at right angles to each other. 

(4) Tltragonal or Pyramidal system (Fig. 28, c) ; five planes of 

symmetry. 

(5) Hexagonal or Rhombohedral system (Fig. 28, h) ; seven planes 

of symmetry (or three planes of symmetry, at angles of 120° to 
each other). 

(6) Cubic or Regular system (Fig. 28, a); nine planes of syrtimetiy. 

A little practice will soon enable an observer to tell at a 
glance, in simple cases, the type of symmetry to which a 
crystal belongs. It is a useful exercise to cut out the vari- 
ous forms, using a potato or turnip for the purpose. The 

dotted lines in 
Fig. 28 (d) show 
the positions of 
the 3 planes 
of symmetry in a 
Rhombic crystal, 
while the planes represented by the dotted lines in Fig. 31 





Fig. 31. 
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are the planes of symmetry in a crystal of the cubic and 
hexagonal systems respectively. 

There is a definite relation between the internal structure 
of crystals and their external forms and symmetry. Thus 
most crystals break or cleave much more readily in certain 
directions than in others, and these cleavage planes are 
always related to the symmetry of the crystal. This pro- 
perty of mineral cleavage is perhaps most strikingly ex- 
hibited in Mica (the mineral popularly known as talc), 
which splits into thin leaves : the mineral galena cleaves 
into cubes, while, if a piece of calc-spar be broken by a 
blow from a hammer, it will be found to break up into a 
number of small rhombs, which, however they may differ in 
size, have their faces always similarly inclined to one 
another. 

i?e/erc»cc;r.— Garnetl*s Heal (Deighton, Bell & Co.) ; Tail's Pro/)er/t€« 
o/ifo<^er (Black), and the smaller work by Glazebrook 
on Tht Laws and Properties of Master (Modem 
Science Series, Kegan Paul) ; Clerk Maxwell's Heat 
(Longmans) ; and for Crystals^ L. Fletcher's Introduc- 
tion to the Study of Minerals {British. Museum Guide); 
H. P. Gurney's Crystallography (S.P.C.K.) ; and 
Williams's Elements of Crystallography (Macmillan), 



S^ion II, — T/ie Composition of the Earth's Crust, 

I. Soils, Rocks, and Minerals. — On examining the sur- 
face portions of our earth's crust, the first material ihat we 
most commonly meet with is ordinary vegetable soil. A 
careful inspection of such surface soil soon reveals the fact 
that it is made up of various materials, each possessing its 
own special distinctive characters. In the first place, we 
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can usually pick out a number of small more or less rounded 
stones or pebbles, as well as portions of recognisable re- 
mains of plants — dead leaves or bits of roots and stems. If 
now we shake up the remaining finer portion of the soil 
with water, it will probably be found that a fine clayey 
material will remain suspended for some time in the water, 
while a coarser sandy portion will quickly settle down to the 
bottom of the vessel, a further portion of the material being 
dissolved up in the water. Moreover, it is a matter of 
common observation that the soils from different parts of 
the country differ in their appearance and in their value for 
agricultural purposes, this difference being due to the vary- 
ing proportions of their different constituents — some soils 
containing more of the sandy portion, some being very 
clayey, and others partly composed of limestone or of chalk. 
Below the surface soil we usually meet with a firmer mate- 
rial, sometimes showing a fairly constant character over very 
considerable areas. To this material, whether it be hard 
granite or soft clay, we give the name Rock. In many 
cases we can without difficulty detect in the rock, as in the 
soil, two or more different kinds of matter. Let us suppose, 
for instance, that the rock is a coarse-grained red granitf. 
It will in the first place be easily seen that the prevailing 
pink colour is due to the predominance of crystals of an 
opaque pink substance, that can be scratched, though per- 
haps with difficulty, by a knife; that splits or cleaves in 
two directions, generally at right angles, and has a satiny 
lustre upon the split faces, which are often smooth oblongs. 
This material is known as felspar. Besides these fel- 
spar crystals, we notice spangles of a silvery-looking sub- 
stance known as mica, which cleaves very easily into thin 
plates, and is readily scratched with a knife, and even with 
the finger nail While, lastly, we further notice the occur- 
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rence of granules of a more transparent glassy-looking sub- 
stance often somewhat milky, which is so hard that it cannot 
be scratched with a knife, and has no tendency to split in 
definite directions, its fractured surfaces being quite irregular. 
This material is known as quartz. In some other rocks, 
such as fine basalts, we require the aid of a microscope to 
satisfactorily make out the different constituents, and again 
in other casfes it may be that the rock is essentially com- 
posed of but a single material. Since by a process of mere 
mechanical division we are able to obtain from soils and 
generally from rocks, a number of different substances, each 
possessing its own characteristic properties, we speak of 
these rocks and soils as being mixtures. By no amount of 
mere mechanical subdivision is it possible to separate the 
quartz or mica into different portions, each possessing dif- 
ferent properties. All such homogeneous substances, 
whether natural or artificial, which, as far as mechanical 
division and microscopic examinations are concerned, ap- 
pear to consist essentially of but one material, we may call 
pure substances, while those pure substances which occur 
in nature as constituents of the earth's crust the geologist 
terms minerals. A mineral may then be roughly defined 
as a " natural, homogeneous, inorganic body " ; a rock is in 
most cases a mineral aggregate^ composed of two or more 
different minerals : though in some few cases, as for instance, 
a very pure limestone or clay, the rock is composed of but 
one mineral substance. 

2. Mixtures and Pure Substances. — The difference be- 
tween mixtures and pure substances may be further illus- 
trated by the following experiments : — If powdered roll- 
sulphur and very fine iron filings be well mixed together, 
the particles of iron may (by the aid of a microscope) be 
seen lying side by side with the particles of sulphur, and the 
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appearance of the mixture will vary according to the propor- 
tions in which the two constituents have been mixed; we 
can, moreover, easily separate the two substances in various 
ways. In the first place, the iron may be got out of the 
mixture by stirring it with a magnet, which attracts the iron 
but not the sulphur (in practice it will be found that some 
sulphur still clings to the iron, and is usually only partly 
removed by gently blowing upon the mass as it clings to the 
magnet), or, instead of a magnet, we may use an acid to 
dissolve up the iron, leaving the sulphur undissolved. In 
the second place, we can get the sulphur out of the mixture 
by using an appropriate solvent, such as sulphide of carbon, 
which dissolves up the sulphur, leaving the iron undissolved. 
But if we now heat in a test-tube a portion of the mixture 
containing by weight 7 parts of iron and 4 of sulphur, a 
chemical change occurs, a red glow spreads through the 
mass, and the sulphur and iron combine to form a black 
substance called sulphide of iron, which possesses properties 
entirely different from those possessed either by the iron cr 
by the sulphur. Neither magnet nor sulphide of carbon has 
any effect upon it, while an acid dissolves it completely 
(with the production of a gas smelling like rotten eggs), 
instead of, as before, leaving a remainder of sulphur. 
Moreover, on examining it with a microscope, we are 
unable to recognise separate particles of iron and sulphur. 
It is, therefore, a compound pure substance, and what has 
occurred is an instance of chemical combination, a process 
which is distinguished by the following characteristics : — 

(i,) The bodies involved combine only in certain fixed proportions, 
and, if mixed in any other proportions, an excess of one or the other 
will be left over afier combination has taken place. 

(ii.) The compound produced generally differs entirely from the sub- 
stances which have combined to produce it. 



THE MATERIALS OF THE EARTH. ^^ 

(iii.) An evolution of lieat usually accompanies chemical combination, 
and in some cases, as in ordinary combustion, the amount of heat thus 
produced is very great. 

The distinguishing marks of mixtures and pure substances 
may then be thus summarised : — 

The various constituents of a mixture can (a) generally be more or 
less easily separated. 

(6) These constituents may occur in very various proportions in diflfwr- 
ent mixtures of the same material. 

(c) The properties of the mixture are a sort of mean of the properties 
of its components. 

A PURE SUBSTANCE (a) cannot in general be so easily separated into 
different portions, each having different properties. 

(ft) The properties of the substance are in general quite different from 
those of its constituents. 

(c) Every pure substance has a fixed and definite composition, and 
when it can be split up into two or more simple substances, these are 
always obtained in certain definite proportions which never vary. 

3. Explanation of Combustion. — One of the most familiar 
of chemical processes is that of ordinary burning or com- 
bustion, and it is not surprising that this process should 
have attracted a very large amount of attention among the 
chemists of the last century. It was observed that many 
metals, such as iron or lead, when heated in the air, became 
changed, the change being usually accompanied by a marked 
evolution of light and heat. The product of the combustion 
or calcination appeared to be incapable of further change. 
At this time chemists were guided in their thoughts about 
burning by the theory of a fire-substance, or phlogiston* 
According to this theory, all bodies capable of being burned 
contain a peculiar principle — the principle of inflammability, 
which is violently expelled when the substances undergo 
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combustion. It was found, however, that bodies would 
not burn in a space freed from air, and that when burned 
in a confined portion of air they lessen its quantity. This 
may be readily shown by burning a small piece of candle or 
taper stuck in a cork floating on water, and covering the 
whole with a bell-jar, when the water is seen to rise some 
little way inside the jar as the quantity of air becomes less. 
Further experiments showed, moreover, that substances 
whilst burning increase in weight. If, for example, some 
fine iron filings clinging to a magnet be suspended to the 




Fig. 32. 

beam of a delicate balance and counterpoised, it will be 
found, on causing the filings to burn by holding the flame 
of a Bunsen burner or spirit-lamp underneath, that a very 
distinct increase of weight follows : one pound of iron, in 
fact, produces in burning nearly a pound and a half of a 
kind of iron rust, or " calx " of iron as it was then termed. 
Now, these facts, especially the last, could not be satisfac- 
torily accounted for by the phlogiston theory, for if this 
something called phlogiston were lost by a metal when it 
was burned, the loss should evidently be attended 
by a decrease and not by an increase of weight. In 1 7 74, 
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Priestley discovered oxygen gas, wliich he prepared 
by heating red oxide of mercury, and shortly after- 
wards Lavoisier showed that metals, whilst burning or 
rusting, absorbed this gas from the air, which thereby be- 
came reduced in quantity. One of the most ingenious and 
conclusive of the experiments by which I^avoisier arrived at 
this conclusion was the following : — If mercury be heated in 
air nearly to its boiling point for some time, it becomes 
corroded with red scales of rust or calx of mercury (now 
known as mercuric oxide). These scales, when heated 
more strongly, yield (as shown by Priestley) metallic mer- 
cury and oxygen gas. Lavoisier heated a known weight of 
mercury in a closed volume of air in order to follow out 
quantitatively the actions concerned in the process, the 
rrrangement of the experiment being as shown in Fig. 32 ; 
and he observed that (i.) the mercury gained in weight, and 
the volume of air was lessened ; moreover, its properties 
were altered : nothing would burn in it, and no animal would 
live in it ; (ii.) the mercury obtained by subsequently heating 
the scales (in the manner shown in Fig. 33), when added to 
the mercury still left in the retort, made up its original 
weight, while the oxygen given off, added to the 
altered air, reproduced its original volume with all its 
original properties. Lavoisier concluded from this that 
the process of rusting of mercury consists in a union 
of the metal with oxygen, and that air contains this 
gas, together with an indifferent gas which takes no part in 
the process. I^voisier then showed by further experiments 
that the combustion of ordinary fuels, as well as the rusting 
of metals, instead of being due to something rushing out of 
them, was in reality caused by the union of the burning sub- 
stances with the oxygen of the air, forming products which, 
being in most cases colourless and invisible, give rise to the 
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appearance of annihilation or destruction by burning, but 
which can be readily detected in the air by appropriate 
means. When pure hydrogen burns in air or oxygen, 
Lavoisier found that steam or water vapour was the only 
product of combustion, thus proving synthetically (as the 
experiment of passing the current of electricity through water 
does analytically) that water is really composed solely of oxy- 




Fig 33- 



gen and hydrogen. Pure charcoal and other forms of carbon 
produce only carbonic acid gas in burning, and Lavoisier 
thus showed that this gas is composed of carbon and oxy- 
gen. Most of our ordinary fuels are composed of both 
carbon and hydrogen, and hence the two principal products 
of their combustion are carbonic acid gas and steam, as can 
be readily shown by burning a candle in a clear flask, which 
soon becomes bedewed with moisture due to the condensa- 
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tion of the steam, while the presence of carbonic acid gas may 
be shown by the lime-water test already described (p. 57). 

4. Conservation of Matter.— By the use of the balance 
in these and other experiments, Lavoisier established the 
important principle that, in combustion, as well as in all other 
chemical changes, the materials are never, as had once been 
thought, really destroyed; that, however much we may 
change the form and appearance of things, we cannot either 
create or destroy a single particle of material ; that matter^ 
as measured by its weight, is indestructible. This conclusion 
of Lavoisier's has stood the test of all subsequent research, 
and is now known as the law of conservation (or indestructi- 
bility) of matter. 

5. Compounds and Elements.— The great majority of 
pure substances which occur in nature, or which have been 
artificially produced, can, like water, be by some means or 
other split up into two or more parts, each having distinct 
properties. Such pure substances are termed chemical com- 
pounds. Certain other substances, such as sulphur, oxygen, 
hydrogen, carbon and the pure metals, have not yet been 
made to yield any other simpler substances. These are 
termed chemical elements, A chemical element is then " a 
substance from which no simpler forms of matter — that is, 
no forms of matter each weighing less than the original 
substance —have as yet been obtained.'' About 70 such 
elements are at present known. Some of these are very 
abundant, and occur widely distributed, while others have 
been found only in minute quantities. The following table 
shows (according to Prestwich) the approximate proportions 
in which the chief elements enter into the composition of 
the earth's crust, and gives some of the more important 
facts about their occurrence and properties : — 
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I, Oxygen.— Forms 23 % by weight, and 2ii % by 
volume of the atmosphere, 88*8 % 
of water. A gas without smell, 
colour, or taste ; the great sup- 
porter of life and combustion, 
'^Tien acted upon by electricity, 
becomes converted into ozone, an 
allotropic form possessing greater 
chemical activity, . • , 50 per cent. 

3. Silicon.— Exists in sand, sandstone, quartz, etc. 
Never found free, but combined 
with oxygen, etc. The compound 
with oxygen is termed silica, .25 ,, 

3. Aluminium.— A white, malleable metal ; does not 

occur free in nature, but princi- 
pally as a silicate in felspar and 
clay, 10 ,, 

4. Calcium.— A yellow, ductile, malleable metal, 

which can be obtained from lime, 
iis compound with oxygen. Lime- 
stone is carbonate of calcium, . 4*5 II 

5. Magnesium.— A white, malleable, ductile metal ; 

not found free ; burns in air with 
a dazzling white light ; it is a con- 
stituent of dolomite or magnesian 
limestone, Epsom salts, talc, meer- 
schaum, etc., . . • • 3*5 » 

6. Sodium.— A soft, bluish-white metal, lighter than 

water, which very readily tarnishes 
when exposed to the air ; not 
found uncombined. Common salt 
is a compound of sodium and 
chlorine, ..... 2*o ,, 

7. Potassium.— Discovered by Davy in 1807; not 

found free. A soft, bluish-white 
metal, resembling sodium. A 
constituent of saltpetre. Is very 
widely diffused, occurring in plants 
and animals, as well as in many 
minerals, such as po<ow^/e/«par, i*6 „ 
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8. Carbon. — Occurs in the three allotropic forms of^ 

diamond, graphite, and charcoal. 
Coal is an impure form. It is a 
constituent of limestone and chalk, 

9. Iron.— The most useful metal. Rarely found 

native. Most commonly occurs 
combined with oxygen {hcematite, 
ma{pietite, etc.), or with sulphur 
{iron %yyr%te»), .... 

10. Sulphur.— A yellow brittle solid, found free in 

volcanic regions ; also combined 
with metals forming sulphides, and 
with metals and oxygen, forming 
stdpJuUes, 

11. Chlorine.— Discovered by Scheele, 1774, and 

found to be an element by Davy, 
1810. A yellow-green gas ob- 
tained from common salt, etc. 
Possesses strong bleaching proper- 
ties, and acts readily upon many 
metals, j 

12. Other elements {See table on page 96), • 



2*4 per cent 



fo 



6. Metals and Non-Metals. — If one end of a rod of iron or 
of copper be held for a short time in a flame, it will soon be 
found that the heat passes along the rod, and causes its other 
end to become hot. Such passage of heat along a rod is called 
conduction of heat. A rod of charcoal or of sulphur will 
not conduct heat readily in this way ; one end of the char- 
coal or sulphur may be actually burning vigorously, while 
the other end remains quite cool. This difference of be- 
haviour is expressed by saying that iron and copper are good 
conductors, and charcoal and sulphur bad conductors of 
heat. Similarly, if a rod of copper, and an electric bell, be 
introduced into the circuit of a galvanic battery, the ringing 
of the electric bell will show that the electric current can 
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readily pass through the copper; while on removing the 
copper and substituting a rod of charcoal the bell at once 
ceases to ring, charcoal not being a good conductor of 
electricity. Those elements which readily conduct heat and 
electricity usually also possess a peculiar kind of lustre, and 
are called metals. The remaining elements have (with the 
exception of graphite and iodine) no such " metallic "lustre, 
and are termed non-metals ; there is, however, no exact line 
of demarcation between the two classes. 

In the electrolysis of water described on page 47, we 
noticed that the hydrogen appeared at the negative, and the 
oxygen at the positive electrode. Hence as " electricities of 
opposite sign attract each other,'* hydrogen is termed an 
electro-positive element, and oxygen an electro-negative 
element. Many other compounds may be similarly spHt up 
by passing a current of electricity through them when in a 
state of fusion or solution (as in the processes of electro- 
plating and electro-typing), and it is then found that when 
a compound of a metal and a non-metal is electrolysed the 
metal always appears at the negative, and the non-metal at 
the positive pole. Thus, if the current be passed through 
chloride of copper, metallic copper is deposited at the nega- 
tive, and chlorine gas escapes at the positive electrode. 
The metals are therefore electropositive with regard to the 
non-metallic elements. 

7. Acids, Bases, and Salts. — The metals and the non- 
metals are further distinguished by their chemical characters. 
When sulphur or phosphorus is burned in oxygen the com- 
pound produced (termed an oxide) is found to be acidic, 
that is, it will react with water to produce an acid. Acids 
are compounds containing hydrogen, which usually have a 
sour taste, which change the colour of certain vegetable 
substances, such as a solution of blue litmus to red, and 
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which interact with metals and metaUic oxides to produce 
compounds termed salts. The oxides of iodine, chlorine, 
and other non-metallic elements are acid-forming oxides. 
On the other hand, when metals, such as magnesium, zinc, 
potassium, etc., burn in oxygen, they produce oxides which 
are termed basic-oxides, or bases. Some of these basic 
oxides, such as potash and soda, dissolve in w^ater produc- 
ing alkaline liquids which are direcily opposed to acids in 
their chemical action. They restore the blue colour to 
litmus solutions reddened by acids, and destroy the acidity 
or sourness of these bodies. When a basic oxide reacts 
with an acid to produce a salt, the acid is said to be 
neutralised by the base. The salt does not in general 
exhibit the properties of either acid or base. The relation 
between the composition of acid and salt is expressed by 
saying that the hydrogen of the acid is wholly or partially 
replaced by a metal. Thus, if we burn a piece of the 
metal magnesium in air or oxygen, we get a white powder 
known as magnesia or oxide of magnesium as the product 
of its combustion ; this powder will be found to be slightly 
alkaline, restoring the blue colour to moist litmus paper red- 
dened by an acid. Now, if we dissolve this magnesia in the 
smallest possible quantity of dilute sulphuric acid, we get 
the neutral salt, sulphate of magnesia (or Epsom salts) left 
in solution, which may be obtained in the solid form by 
evaporation. The same salt is formed when the metal 
magnesium is dissolved in sulphuric acid : in this case the 
hydrogen of the acid escapes free, in the former case it 
combines with the oxygen of the magnesia to form water. 
All acids are, as already noticed, compounds of hydrogen, 
but all compounds of hydrogen are not acids. Most acids 
are compounds of hydrogen with oxygen and another non- 
metallic element ; a few contain no oxygen and a few are 
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compounds of metals with hydrogen and a relatively large 
quantity of oxygen. 

8. Classification of Chemical Reactions. — The chemical 
change occurring when iron and sulphur are heated together 
is, as we have seen, a case of simple combination. When 
a current of electricity is passed through acidulated water 
(page 47) we have an instance of simple decomposition, 
the 'compound substance water being split up or decom- 
posed into its component elements. The great majority of 
chemical reactions do not consist of these two simple 
processes, but of a re-arrangement of the component 
elements of the bodies which act on each other. For 
instance, when the metal zinc acts on dilute sulphuric acid 
it dissolves, hydrogen is evolved as a gas, and another 
substance — sulphate of zinc — is formed. The zinc is said 
to have replaced or turned out the hydrogen from the acid, 
and the reaction is termed a simple replacement. Again, 
when a solution of common washing soda (sodium carbon- 
ate) is added to a solution of gypsum (sulphate of lime) a 
white precipitate of chalk (carbonate of lime) is formed, and 
Glauber's salt (sodium sulphate) is left in solution. We have 
at first sodium carbonate and sulphate of lime, and by a 
process of exchange we get sodium sulphate and carbonate 
of lime. Such a process of exchange is called a double 
decomposition. 

9. The Laws of Chemical Combination. — It has already 
been stated that every pure compound substance consists of 
certain elements, combined in certain definite proportions 
which never vary. This statement is known as the Law of 
Definite Proportions. Two other important laws with 
respect to chemical combination were established by the 
English chemist, John Dalton (born, 1766; died, 1844). 
In 1802 Dalton was investigating the action of air upon a 
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gas, now known as nitric oxide, in presence of water, and 
he noticed that the oxygen contained in one hundred 
volumes of air united either with 36 or with 72 volumes of 
nitric oxide, leaving a residue of pure nitrogen. He con- 
cluded, therefore, that oxygen combined with a certain 
quantity of nitric oxide, or with double that quantity, but 
not in any intermediate quantities. In 1804, he found that 
the same law was observed in the case of the union of oxygen 
and carbon. We have already described the preparation of 
the gas known as carbonic acid gas. Now, Priestley had 
discovered another gas composed of carbon and of oxygen, 
m., CARBONIC OXIDE ; and Dalton found that carbonic acid 
gas contains, for the same weight of carbon, just twice as 
much oxygen as is contained in the carbonic oxide, and, 
as before, he found it to be impossible to get any inter- 
mediate compound containing less than double the quantity 
of oxygen (this fact explains the terms carbon monoxide and 
carbon dioxide often given to these gases). Carbon monoxide 
may be readily formed by heating in a test tube a mixture 
of strong sulphuric acid and formic acid ; it will then be 
observed that on applying a light to the mouth of the tube 
the gas burns with a bright-blue flame, in this respect differ- 
ing entirely from carbon dioxide. 

Many other instances of the same kind might be given, 
and we therefore conclude that // two dements combine in 
more proportions than one^ so as to form more than one com- 
pound^ the proportions of the elements in such compounds are 
simple multiples of each other — (Law of Multiple Proportions). 

It was further found that the weights of two dif- 
ferent elements^ which severally combine with one and the 
same weight of a third element^ are also the weights of 
those different elements which combine with each other, or 
they bear a simple relation to these weights — (Law of 
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Beciprocal, or Equivalent, Proportions). For example, it is 
found that 35^^ parts by weight of chlorine combine with 
23 parts of the metal sodium to form sodium chloride or 
common salt, and that 127 parts of iodine combine with the 
same weight (23 parts) of sodium to form a compound 
known as sodium iodide ; if now it be found that chlorine 
and iodine can combine with each other, then the law asserts 
that the numbers 35 J and 127 (and numbers simply related 
thereto) should represent the proportions in which they do 
combine. Two such compounds of chlorine and iodine are 
actually known, one of which contains 127 parts of iodine 
combined with 32^ parts of chlorine, and the other 127 
parts of iodine combined with 3 times this amount, or 108 
parts of chlorine. These facts may be represented graphically 
thus :— 

Sodium, 23 parts by weight, 



f 


\ 


^4- 


combine with 
Iodine, 

t27 parts by weight; 35; 


Chlorine, 
\ parts by weight 



To these three laws, with regard to chemical combination, 
may be added a fourth — the Law of Volumes discovered 
by Gay Lussac, which states that when gases combine 
together they do so in equal volumes or in volumes which 
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have sotrn simple relation to each other ; thus we have seen 
that two volumes of hydrogen unite with one volume of 
oxygen to form water. Similarly one volume of hydrogen 
always unites with one volume of the gas chlorine to form 
two volumes of the compound gas, hydrochloric acid ; and 
two volumes of carbon monoxide unite with one volume of 
oxygen to form two volumes of carbon dioxide, and so on. 

A consideration of these laws will show that we are able 
to attach to each element a number which expresses the 
proportion in which it enters into any compound, or needs 
only to be multiplied by some small number to express this 
proportion. These numbers are only relative, and as hydro- 
gen is taken as the standard, the number for hydrogen is 
made unity. 

10. The Atomic Theory. — In order to give some explana- 
tion of these facts, Dalton propounded his atomic theory. 
According to this theory all elements consist of a number 
of small particles called atoms, which are indivisible, or, at 
any rate, which never split into parts in chemical reactions. 
The atoms of the same element are alike in every respect. 
The atoms of different elements have different weights and 
different properties, but the relation between their weights 
is given by the numbers which we are able to attach to the 
elements as expressing the proportions in which they enter 
into chemical combination. When two or more elements 
combine it is assumed that this combination consists in the 
approximation or union of the different atoms one to 
another, such union being conveniently regarded as due to 
the action of some force which we term chemical affinity. 
Having made these assumptions Dalton was able to explain 
why compounds must contain their constituent elements in 
the combining proportions or in multiples of them, and in 
no intermediate proportions. For example, one atom of 
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carbon may unite either with one atom of oxygen or with 
two atoms of oxygen, and in each case we get a perfectly 
distinct body of definite composition ; and (since the atom 
is the smallest portion of an element which can take part in 
any chemical action) there can be no intermediate stages 
corresponding to the gradual increase in the proportion of 
one or other constituent such as may occur in the case of a 
mixture. 

In Dalton's nomenclature the term atom was applied to 
elements and compounds alike, but it will at once be seen 
that in speaking of an atom of water and of an atom of 
oxygen or hydrogen, we are using the word in two some- 
what different senses ; in the case of the water we are re- 
ferring to a small particle known to be divisible into still 
smaller particles of its constituent elements, while the atoms 
of these elements are particles which do not appear, so 
far as our present knowledge goes, to be divisible into 
smaller particles. We now give the name of molecules to 
the small particles of water formed from the two atoms of 
hydrogen and one of oxygen. The molecule of water is 
then the least quantity of the substance which can exist as 
such, and which, if still further divided, is no longer water, 
but the individual atoms of oxygen and hydrogen of which 
the water molecule was built up. The molecule of a com- 
pound may be defined as the " smallest quantity of any 
substance which exhibits the properties of that substance, 
and which cannot be split into parts without destroying 
those properties." The molecule is built up of still smaller 
particles, each of which is called an atom. 

It is not quite so easy to see that the molecule of an 
element^ defined as above, or otherwise as the smallest mass 
of that element which can exist by itself or in the free state, 
is usually composed of two or more atoms. If we consider 
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the fact that one volume of hydrogen combines with one 
volume of chlorine to form two volumes of hydrochloric 
acid gas, and accept at the same time the theory that these 
elements combine atom to atom, it is clear that some simple 
relation must exist between the volumes and the number of 
atoms in these volumes. Gay Lussac stated the relation 
thus : — " Equal volumes of gases contain (under like con- 
ditions) an equal number of atoms." Dalton rightly re- 
jected this conclusion, for it will be seen that if this were so 
one atom of hydrogen must, in the case we are considering, 
have combined with one atom of chlorine to form two 
" compound atoms " of hydrochloric acid, and, therefore, 
the single " atom " of hydrochloric acid must be composed 
of only half an atom of hydrogen and half an atom of 
chlorine, but this statement does not agree with our defini- 
tion of the atom of an element. Avogadro modified the 
Daltonian theory by introducing the conception of two 
different orders of small particles — atoms and molecules — 
and modified Gay Lussac's theory into the statement known 
as Avogadro's law, viz,y that equal volumes of gases contain 
(under like conditions of temperature and pressure) an 
equal number of molecules^ a statement which we have 
already seen can also be deduced from simple physical con- 
siderations. Thus the molecule of hydrogen, or the 
smallest amount of this substance which can exist in the 
free state, is a dual structure, consisting of at least two 
atoms, and the action which takes place between hydrogen 
. and chlorine really consists in a molecule of hydrogen (con- 
taining two atoms) uniting with a molecule of chlorine (also 
containing two atoms) to form two molecules of hydrochloric 
acid, each consisting of one atom of hydrogen united to 
one of chlorine. This statement, it will be observed, accords 
with Avogadro's law, and with the experimental fact that 
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one volume of hydrogen unites with one volume of chlorine 
to form two volumes of hydrochloric acid. It follows from 
Avogadro's law that the relative weights of equal volumes of 
gases represent the relative weights of the molecules of 
which these gases consist. 

II. Chemical Nomenclature and Notation.— The names 
given to the elements generally express some marked 
chemical or physical property y or indicate the source from 
which they are obtained ; thus oxygen, meaning " acid 
producer^^ was so called by Lavoisier because it was thought 
that all acids contained this element; hydrogen, the 
^^ producer of water^^^ received its name as being one of 
the constituents of this substance ; iodine, from the Greek, 
tdde% — violet^ refers to the characteristic violet colour of the 
vapour of this element; beryllium signifies that this 
metal is a constituent of the gem known as beryl : and 
strontium that the element occurs in strontianite^ found 
at Strontian in Argyleshire. Many of the names, especially 
the older ones, are, however, purely fanciful, as mercury 
and SELENiON {selene — the moon). It may be noted that 
the termination um always signifies a metal. 

The names of compounds are intended to indicate their 
composition. All compounds of two elements only (some- 
times called binary compounds) have names ending in ide. 
Thus the compounds of oxygen with another element are 
termed oxides, those of sulphur, sulphides^ of chlorine, 
chlorides, and so on ; the termination ide being added to 
the name (usually abbreviated) of the more negative or 
non-metallic element. Thus we usually say hydrogen 
chloride, and not chlorine hydride. When two oxides, 
chlorides, etc., of the same element are known, the termina- 
tions ous and iCy applied to the modified name of the 
more positive element, indicate respectively a relatively less 
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or greater amount of the more negative element ; thus 
ferrous oxide is an oxide of iron, containing relatively less 
oxygen than is contained va ferric oxide. (The prefix hypo 
expresses relatively less oxygen than that of the oxide 
ending in ic or ous^ while the prefix per indicates that 
oxide of a series which has most oxygen.) In the nomen- 
clature of many compounds of three or more elements, the 
same prefixes and terminations are used in a similar manner, 
thus sulphurous acid is a compound of hydrogen, sulphur 
and oxygen, containing, for the same weight of hydrogen 
and sulphur, less oxygen than is contained in sulphuric 
acid. The terminations ite and ate^ applied to salts, 
correspond respectively to the terminations cus and /V, ap- 
plied to the acids. Thus, when sulphurous acid acts upon 
a metal, the salt produced is termed a sulphite^ while the 
action oi sulphuric acid would produce a sulphate. Chemi- 
cal NOTATION aims at abbreviating names by means of 
symbols and formulae. The symbols of the elements 
usually consist of the first letter or letters of their Latin 
names, thus O stands for oxygen, C for carbon, Fe (ferrum) 
for iron, K (Kalium) for potassium. These letters are 
further made to indicate a single atom of each element, so 
that H stands always for one part by weight of hydrogen, 
C for 12 parts of carbon, O for 16 of oxygen, and so on. 
Compounds are represented by placing together the symbols 
of their constituent elements, thus, water which consists of 
one atom of oxygen united to two of hydrogen is represented 
by the formula HgO. Sulphuric acid, containing two 
atoms of hydrogen united with one of sulphur and four of 
oxygen is indicated thus — HjjS04. 

The reaction of two or more substances is represented by 
a chemical equation : for example, the equation 2 HgO = 2 
Hg + O3 is an abbreviated way of expressing the fact that 
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432 parts by weight of mercuric oxide may be split up into 
400 parts of mercury and 32 of oxygen. Again, the action 
of sulphuric acid upon zinc to produce hydrogen and zinc 
sulphate may be represented by the equation, 

Zn + H2SO4 = ZnS04 + Hg 

HereZnstandsfor one atom of zinc — weighing65; H2SO4 for 
one molecule of sulphuric acid — made up of two atoms of 
hydrogen (weighing 2), one of sulphur (weighing 32), and 
four of oxygen (weighing 4 times 16 or 48), thus : — 

Zn + H2SO4 = ZnSO^ + H, 
65 2 + 32 + 64 65 + 32 + 64 2 



98 161 



163 163 

12. Classification of the Chemical Elements. — The Eng- 
lish chemist, Newlands, in 1864, drew attention to the fact 
that the properties of the elements yzxitd periodically with 
their atomic weights, that is, the properties vary with the 
atomic weights, but recur at certain periods. Thus, if the 
14 elements from Lithium to Chlorine be arranged in tivo 
series of seven in each, thus : — 

Li = 7| Be = 9| B = ii I C =I2| N = i4lO = l6| F=i9 
Na = 23| Mg=24 I Al=27 I Si =28! P=3i | 8 = 32 | €1 = 35-5 

it will be seen that the mean difference in the values of the 
atomic weights of consecutive elements is about 2 ; and of 
elements placed under one another about 16, and further that 
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there is a similar gradation of chemical properties in each of 
these series, the first member of each being a strongly 
positive metal, and the last a strongly negative non-metal. 
This arrangement may be extended with like results to the 
whole of the known elements, if it is assumed that there are 
several gaps in the list, and if, further, about a dozen ele- 
ments be placed somewhat irregularly in an eighth division. 
{See table.) 

By means of this Periodic Law, the Russian chemist, 
Mendel^ef, was able to predict the existence and pro- 
perties of gallium, scandium, and germanium. 

These remarkable relations of the chemical elements to 
one another seem to suggest that they may really be of a 
compound nature, having been evolved from one primal 
element. This hypothetical substance has been termed by 
Crookes — protyle (pro — earlier than^ and hyle — stuff or 
matter ^^ 

1 Stt Crookes' Address to Chemical Section of British Association. 
Birmingham, 1886. 
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Table giving the names, symbols, and approximate atomic 
weights of the elements arranged according to the Periodic Law. 
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13. Common Bock Forming Minerals. — The three 
simple minerals — Quartz, Felspar, and Mica — which make 
up the rock Granite, have been already partially described 
(page 74). The substance known as Rock Crystal, referred 
to on page 70, is a common form of Quartz, Chemically, 
this mineral is composed of Silica, or the oxide of the non- 
metallic element Silicon, its formula being SiOg : while 
Felspar and Mica are both complex silicates, or compounds 
of Silica with various bases. A few of the more important 
facts about the composition and properties of some of the 
minerals which are important, either as constituents of 
common rocks, or as ores of the useful metals, are shown in 
the table (pages 98 and 99). Altogether, some 800 different 
minerals are recognised by mineralogists, but the greater 
number of them are comparatively rare. It has been 
calculated that the minerals Quartz and Felspar together 
make up more than 80 per cent, of the rocky crust of the 
earth. 

References, — Muir's Chemists (Heroes of Science Series. 

S.P.C.K.) 
Cooke's New Chemistry (International Science 

Series). 
Hatch's Mineralogy (Whitlaker & Co.). 



TABLE OF SOME OF THB 

Note. —The letter H signifies hardness, as defined 



Crystalline System. 


Triclinic. 


Oblique. 


Rhombic. 


I. Native Elements. 

A. Metals. 

B. Non-Metals. 




Graphite. "Black lead," a 
form of carbon. H = alx>ut i ; 
crystals are 6-sided tables. 


SuLPHDR. Recognised 
by its pale yellow col- 
our. H = xf— 2J. 


II. Sulphides. 






Marcasitb. FeS : 
3 * 

same composition as 

Pyrites, but paler in 

colour. 


III. Chlorides and 

Fluorides. 








IV. Oxides. 








V. Carbonates. 






Aragonite has same 
composition as Calcite, 
but IS sensibly harder 
and heavier. H=3^— 
4;G=3. 


VI, Sulphates. 




Selenitb or Gypsum. CaSO -f- 
H^O; very soft (H = iH2), 
crystals often like Fig. 98 {e). 


Barytes. (Heavy Spar). 
BaSO ; generally white 
or yellowish, heavy. 
G=4i;H=3i. 


VII. Silicates. 


Plagioclase Felspars. 
Silicates of Al and K, 
Na or Ca. 

Microcline, Same com- 
position as Orthoclase. 

Albite. Soda felspar. 

Anortkite. Lime fel- 
spar. 

Oti^oclase and Labra- 
dorite. Soda lime fel- 
spars. 

H=6; G=a*6t0 2*7. 


Orthoclase Felspar. K^ A1^ 
SigO jg", white, grey, or pink. 

(See page 74.) 

Mica. A group of complex sili- 
cates of Mg, Al, K, etc.; dis- 
tinguished by cleaving into 
elastic laminae. 

Horn blende and Auqite. Sili- 
cates of Mg, Ca, and Fe ; usu- 
ally black in colour. H=5— 6 ; 
G=2-9-3j. 

Asbestos is a fibrous variety 
of Hornblende. 


Olivine. Silicate ol 
Iron and Magnesia; 
usually found in green, 
irregular grains. Is 
liable to change into 
serpentine. 

Some varieties of Horn- 
blende and Augite, 



MORE IMPORTANT MINERALS. 

on page 6g. G means specific gravity (approximate). 



Hexagonal. 



Pykamidal. 



Cubic. 



Cinnabar. HgS ; the princi* 
pal ore of Mercury; colour, 
bright red. H = 2— 2^ ; heavy. 
G=8. 



HiSMATiTB. Fe„0, ; dark steel 
2 3 
colour, brilliant lustre. H=5i 
-6J;G = 5-2. 

Quartz. SiO^ ; recognised by 

its hardness (H=7) and glassy 
lustre. Jasper, cairngorm, 
dialcedony, are varieties. 



CALCITEorCALCSPAR. CaCO ; 

great number of crystal forms, 
as dog tooth spar, Iceland spar, 
etc. ££fervesces with acid. 
H=3; G=2-7. 
Chalvbite. FeCO; important 
ore of iron ; colour, buff. 
H=3H4i;G=3-8 



Nephelinb. Silicate of Al. 
and Na. with some K. 



Gold. Generally found in quartz, never 
pure: very soft (H=3) and malleable, 
very heavy. G= about 19. 

Silver. Very malleable and ductile. 
G=xoJ. 

Platinum. Usually in grains. H=4j— 5; 
G = i8. 

Copper. Generally in irregular masses. 
G=8i. 

Diamond. Crystals often rounded ; per- 
fect octahedral cleavage. H — 10; G=3^. 



Copper Pyrites. CuFeS^ ; 

distinguished from Iron Pyrites 
by its darker colour and less 
hardness, and from gold by its 
brittleness. The most abund* 
ant ore of copper. H= 3^—4 ; 
G=4. 



Tinstone. SnO^ ; the most im- 
3 

portant ore of tin. Crystals 

like Fig. 28 (c). Usually 

brown or black. H=6— 7; 

G=7 



Pyrites. FeS^ ; yellow metallic cubes. 

H = 6— 6 J (distinction from gold) G = 5. 
Galena. PbS ; most common ore ol 

lead ; generally in lead-grey cubes ; 

cubical cleavage. H = 2^ ; G = 7}. 
Blende. ZnS ; important ore of zinc ; 

generally brown or black, with brilliant 

lustre. H = 3 J-4 ; G = 4. 



usuallv in cubes, 
when pure. 



Rock Salt. NaCl: 
colourless or white 
H=a— 2j; G=2. 

Fluor Spar. CaF^; purple variety 

known as Blue John. Usually trans- 
parent cubes, with octahedral cleavage. 

H = 4;G=3. 

Magnetite. Fe^O . Magnetic oxide 

of iron ; usually in iron-black octahed- 
rons ; distinguished by its magnetic pro- 
perties. H = sJ-6J ; G = 5. (The ioaJ- 
stone of the ancients.) 



Leucitb. a silicate of Al and Garnet. A group of several minerals 
K. Common in Vesuvian differing in composition, colour, &c. 
lavas. Common in schists. 
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Section III, — The Earth! s Atmosphere. 

I. The Weight of the Air. — The very familiar fact that 
water rises in an ordinary syringe or pump when the piston 
is drawn up, was " explained " by the ancient philosophers 
in the statement that " Nature abhors a vacuum." When, 
however, it was found by Galileo that, even with the best 
vacuum obtainable, the water in a common pump would 
not rise to a greater height than about 32 feet, this state- 
ment was seen to be both inadequate and incorrect ; it might 
be that Nature abhorred a vacuum, but at any rate, that ab- 
horrence ceased in the case of a vacuum more than 32 feet 
in height. Galileo's pupil Torricelli appears to have been 
the first to conceive the idea that what really caused the 
water to rise in a pump was the pressure of the air (due to 
its weight) on the surface of the water outside, and that the 
reason why the water could be forced up to a certain height 
only, was that the column of water in the pump tube then 
balanced the air column pressing upon the surface, the 
two columns, the water going up 30 odd feet on the one 
side, and the air column an unknown number of miles on 
the other, being of the same weight. Now, quicksilver or 
mercury is a liquid 1 3 times as heavy as water, and Tor- 
ricelli argued that if a column of water can be sustained in 
a vacuum to a height of about 32 feet, a column of mercury 
should be kept up to a height of but one-thirteenth of this 
amount, m., about 30 inches. This Torricelli found to be 
actually the case. Taking a glass tube (Fig. 34) about 3 
feet long, open at one end only, he filled it with mer- 
cury, and stopping up the open end with his finger, 
turned it upside down, plunging the end, closed with 
the finger, beneath the surface of a further quantity 
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of mercury contained in a 
drawing the finger he then 
observed that the mercury 
in the tube fell until it 
rested at a height of about 
30 inches above the level 
of the mercury in the basin, 
leaving an empty space in 
the top of the tube, which 
has ever since been known 
as the ** Torricellian vacu- 
um." This tube, contain- 
ing mercury inverted in a 
basin of mercury, was after- 
wards called by Boyle abaxo- 
meteVji.e, measurer of weight 
or pressure, and we usually 
think of it as a weather glass, 
because it has been found 
by experience that changes 
in the atmospheric pressure 
are usually associated with 
changes in the weather. 



with- 




Fig. 34- 



Pascal first suggested the experiment of carrying the baro- 
meter to the top of a mountain, arguing that if Torricelli's 
theory were correct, the mercury ought to further sink in 
the tube, since part of the air column being left below, the 
pressure (due to the remainder) would naturally be less. 
An ascent of the Puy de Dome by Perrier, showed that this 
was the case, the mercury standing 3 inches lower at the 
top of the mountain than it did at the bottom, thus proving 
conclusively that it really was the pressure of the air which 
supported the mercury column. At about 3^ miles above 
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sea-level, the mercury in the barometer falls to 15 inches, or, 
in other words, at that height the density of the air is re- 
duced to one-half the density at the sea-level. It follows 
from the law of gaseous pressure that at a height of 7 miles 
the density is ^ that at the sea-level, at 10^ miles |, and so 
on, the density decreasing in geometrical progression as the 
height increases in arithmetical progression ; this is found 
by observation to be the case ; we can infer that at a height 
of 40 miles, the atmospheric density would be only ^^^ of 
what it is on the surface of the earth. If a barometer 
tube be made of exactly one square inch section, it is clear 
that if the mercury stands at a height of 30 inches, the pres- 
sure of the air will be sustaining the weight of 30 cubic 
inches of mercury; this amount of mercury is found to weigh 
about 15 lbs. Hence the pressure of the air on one square 
inch of surface at the sea-level is about 15 lbs. 

A few years after the discovery of the barometer. Otto 
von Guericke, burgomaster of Magdeburg, invented the air- 
pump, an instrument by which the air can be drawn out of 
a vessel, leaving it almost empty. By means of this pump 
he abstracted the air from a hollow metal globe made of 
two hemispheres fitted tightly together and furnished on the 
outside with rings by which they could be pulled apart, and 
he found that so long as there was air inside the globe the 
two halves came apart very easily, but that when the greater 
part of the air had been pumped out so as to leave a vacuum 
inside, it required immense strength to overcome the great 
pressure of the outside air which forced them together.^ 
The experiment has always been called "the experiment of 
the Magdeburg hemispheres." The great pressure of the 
air can be strikingly illustrated without the use of an air 
pump, by the simple expedient of boiling a little water in a 

1 If the hemispheres are i ft. in diameter, this pressure will be nearly 
a ton. 
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tin can so as to drive out the air and fiil it with an atmo- 
sphere of steam. On then tightly corking the can, and 
pouring cold water on the outside so as to condense the 
steam, a partial vacuum is formed inside the can, which 
being left without sufficient internal support is crushed up 
by the atmospheric pressure of 15 lbs. on every square inch 
of its external surface. 

2. The Extent of the Air. — From the fact that meteorites 
(which owe their luminosity to the heat developed by the 
friction produced by their rapid passage through the air) 
have been observed at a height of 200 miles or more above 
the earth's surface, we conclude that in an attenuated form 
the atmosphere extends at least to that height. Air is 
probably, however, sensibly present to the barometer to a 
height of only about 40 or 50 miles. It has been calculated 
that above the height of 300 miles the air must be so 
rarefied that there can be only one molecule per cubic foot, 
and since under these conditions the molecules can pro- 
bably travel for millions of miles without colliding with one 
another, it appears that particles must be continuaUy lost 
from our atmosphere as the earth travels through the 
regions of space, other particles (not necessarily of the same 
composition) being perhaps gained from these regions. 

3. The Composition of the Air. — We have already seen 
that the researches of Lavoisier showed that the air is 
mainly composed of oxygen and nitrogen. The relative 
proportions of these two gases in air can be roughly shown 
by burning phosphorus in a limited supply of air contained 
in a jar inverted over water. The phosphorus unites with 
the oxygen to form white fumes of an oxide of phosphorus, 
which being soluble, dissolves in the water, forming a 
solution of phosphoric acid. The water soon rises (owing 
to atmospheric pressure) to fill the space thus left. 
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which is found to be about -^ of the total volume of the jar. 
The oxygen may be more gradually removed by letting the 
phosphorus oxidise slowly without setting fire to it, or by 
suspending a muslin bag filled with moist iron filings in the 
jar, and leaving them to absorb oxygen in the process of 
rusting, or we may make use of liquids such as pyrogallate 
of potash or cuprous chloride^ which have the power of 
absorbing oxygen. The gas which remains, after the re- 
moval of oxygen from the air, is characterised by properties 
quite distinct from those of the oxygen. It does not burn 
when heated in air, and ordinary burning bodies are at once 
extinguished when placed in it. Its use in the air appears 
to be to dilute the oxygen, just as spirits may be diluted 
with water. That the oxygen and nitrogen of the air are 
only mechanically mixed and not chemically combined is shown 
by several facts. In the first place, the proportions of these 
two gases are found to vary slightly. The quantity of 
oxygen usually varies from about 20-9 to 21 volumes per 
100, sometimes falling (in towns) to 2082, and rarely (in 
tropical countries) to 20*3, and we have seen that such 
variations do not occur in the composition of true com- 
pounds. Again, if we mix in a bell jar 79 volumes of N with 
21 of O, no elevation of temperature occurs (as is the case 
when chemical combination takes place), and yet an " air " 
is formed identical in properties with that of the atmosphere. 
Moreover, the properties of air are just such as we should 
expect from a mixture of oxygen and nitrogen. For instance, 
we should expect that the air dissolved in water should contain 
more oxygen than usual (since oxygen is rather more soluble 
in water than nitrogen is), and this we find to be the case, 
air removed from solution in water containing 34*4 volumes 
of oxygen per cent, a number agreeing with the calculated 
one. The principal causes contributing to the great uni- 
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formity in the proportions of oxygen and nitrogen in 
different parts of the atmosphere (notwithstanding their 
different relative densities, which are as 8 to 7), are the 
molecular processes of diffusion (p. 62) and the more 
perceptible motion of winds (p. no). 

Besides O and N there are other gases contained in the 
air. Carbonic acid gas is supplied by burning bodies, the 
breathing of animals, the decay of animal and vegetable 
substances, and also by volcanoes. Its average amount in 
country air is about 4 parts in 10,000 vols, of air. If there 
were not means by which this gas is used up, it would 
accumulate in the air in such quantities that animal life 
would become extinct. It is, however, removed by the 
action of plants. Ozone, a condensed form of oxygen, pos- 
sessing great chemical activity, is most frequently detected 
on rainy days and during great atmospheric disturbances. 
It seems to be mainly produced by atmospheric electricity. 
Ammonia and other compounds of nitrogen occur only 
in very small quantities, but are important as supplying 
food material for plants. Aqueous vapour is raised into 
the air by evaporation from every exposed sur ace of water. 
The amount of evaporation depends principally upon the 
temperature (the greatest amount occurring from the great 
oceans in the tropes), and upon the quantity of vapour 
already present in the air, since a liquid will go on evapo- 
rating only until the pressure of its vapour reaches a certain 
value depending upon the temperature. When the amount 
of vapour in the air is the greatest that can exist without 
increase of temperature, the air is said to be saturated^ and 
the temperature of saturation is called the dew point. If 
the air be still, it soon becomes saturated, but winds cause a 
constant renewal of unsaturated air, and hence increase 
the amount of evaporation. The determination of the dew 
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point may be made by means of instruments known as 
liygrometers, or by wet and dry bulb thermometers, con- 
sisting of two thermometers, one of which has its bulb kept 
wet by being surrounded with muslin or lamp cotton, one 
^^^_^ end of which dips into water (Fig. 35). The 
mercury in the thermometer sinks, owing to 
evaporation of the water, the amount of fall 
increasing with the rapidity of evaporation, 
which depends upon the amount of moisture 
in the air. The difference of the readings 
of the two thermometers thus enables us, by 
means of empirical formulae, to determine the 
hygrometric state of the air at any given time 
and place. The ratio of the amount of 
vapour actually present to the whole possible 
amount at the temperature it possesses is 
termed the relative humidity of the air. 
When air is cooled, condensation begins as 
soon as the dew point is reached. The local 
condensation upon surfaces cooled by radia- 
tion constitutes dew (or when the tempera- 
ture is below freezing point, hoarfrost). The 
formation of dew is favoured by circumstances 
which promote radiation, such as a clear sky and the pre- 
sence of good radiators. Hence more dew is deposited 
upon grass than upon stones, the grass being a better radia- 
tor and also a worse conductor, so that it loses heat more 
rapidly and receives less by conduction from the earth to 
make up for the loss. A more general condensation con- 
stitutes fog or mist, which consists of very minute drops of 
water just like the so-called cloud of " steam '* issuing from 
a kettle spout. According to the experiments of Mr. John 
Aitkin, this condensation is promoted by the presence of 




Fig. 35 
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DUST in the air, the dust particles serving as nuclei round . 
which condensation can take place. Mr. Aitkin has shown 
that in a single cubic inch of air there are often many 
millions of dust motes. ^ Some of these particles are mineral 
substances such as sea salt, others are of organic origin. 

Clouds are elevated mists, and may be formed by the 
chilling produced in an ascending current of air by the act 
of expansion (just as a cloud is formed in the receiver of 
an air pump by rapid exhaustion of the air), or by the cool- 
ing due to actual contact^ when a warm wind blows against 
the side of a cold mountain ; or, again, they may arise from 
the mingling of currents of saturated air at different tem- 
peratures, since the greatest pressure which aqueous vapour 
can exert at the mean of two temperatures is less than the 
mean of the two vapour pressures at those temperatures, 
and, consequently, a certain amount of condensation must 
take place. When the drops of water in a cloud or mist 
unite to form larger drops/ we have rain produced. Hail 
is frozen rain, and snow consists of minute crystals of ice 
formed when a cloud exists at a temperature below 0° C. 

4. Distribution of Rainfall. — The amount of rainfall in 
any given place and time is measured by means of the rain 
gauge, consisting of a metal cylinder to receive the rain, 
which is caught through a funnel, so as to prevent loss by 
evaporation. It is expressed by stating the depth (in inches) 
of water which would be formed, if it were to remain ac- 
cumulated (say for a year) on a level surface where it fell. 
One inch of rain gives about 100 tons of water per acre. 
The most important general facts with regard to the distri- 
bution of rainfall (sometimes called the laivs of rainfall) are 
that: (i.) The average rainfall for the year decreases from the 
tropics to the poles. This is owing to the greater evaporation 

^ Trans. Roy. Soc. Edin., vol. xxx., part i.; and vol. xxxv., part i. 
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in tropical regions. The heaviest rainfall of the oceanic areas 
is in the belt between the N.E. and S.E. trades, (ii.) The 
average rainfall decreases as we pass from the coast lines to 
the interiors of cofitinents ; the aqueous vapour brought by 
the winds which have traversed the ocean being usually con- 
densed near the coast, especially when hilly regions oppose 
their course, (iii.) The average rainfall increases (within 
certain limits) in ascending from sea level, since, as we have 
seen, air in ascending expands and becomes thereby chilled. 

The key to the distribution of the rainfall over the 
British Isles is to be found in the prevalent westerly 
winds which have crossed a great extent of ocean, and to 
the mountainous character of much of the western part of 
Britain, which gives the requisite ascensional current needed 
to produce copious precipitation. Thus, in the Lake Dis- 
trict and North Wales, the average for the year is about 75 
inches, and over a large part of the Scottish Highlands 
exceeds 80 inches, while to the east on the lee-side of the 
great mountain ranges it does not exceed 30 inches, the air 
getting drier as it descends to lower levels. 

Special geographical conditions may give rise (i) to 
regions of excessive rainfall^ as in the cas2 of the Khasi 
hills, TOO miles N.E. of Calcutta, where the annual fall is 
between 500 and 600 inches; this great precipitation, which 
occurs in a few months, being due to the warm moist S.W. 
monsoon from the Indian Ocean being suddenly deflected 
upwards by the mountain range which rises abruptly from 
the lowlands to the south ; and (2) to practically rainless 
districts (like the Sahara, Desert of Gobi, and coast of Peru), 
which are generally elevated plateaus, exposed to dry winds, 
and sheltered by mountain ranges from moisture-laden air. 

5. How the Air is Warmed. — The main source of at- 
mospheric heat is the sun ; hence we should be inclined to 
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expect that the higher regions of the atmosphere would be 
the warmest as being nearer the sun. As a matter of fact 
we know that in general the higher we ascend the colder it 
becomes, the diminution of temperature being approxim- 
ately 1° for 270 feet of ascent. The reason is that the lumin- 
ous rays of the sun pass through the air without being very 
much absorbed, and strike the earth, which absorbs them 
and becomes heated. Now a hot body loses heat both by 
conduction and by radiation (ihe nature of which will be 
further considered in Chapter IV.), and it is found that the 
non-luminous radiation, or dark heat from the comparatively 
cool earth, will not pass through the atmosphere so readily 
as the luminous radiation of the sun (just as, for instance, in 
the case of luminous rays, a blue glass will transmit blue 
light but will almost entirely arrest the passage of red light). 
Hence these dark heat rays are mostly absorbed by the 
lower layers of the atmosphere. Moreover, the air resting 
upon the earth becomes warmed by contact. Thus it will 
be seen that the higher air is colder because it is really 
further from the principal direct source of heat (the earth), 
and it is in addition so situated as to part with heat more 
readily by radiation into the cold of space beyond the limits 
of the atmosphere. Water is a very good absorber of 
radiant heat ; hence cloud forms a sort of blanket to the 
earth, greatly checking the loss of heat due to nocturnal 
radiation, which may be regarded as the principal source of 
atmospheric cold. In the winter, when the sun is low and 
the days short (so that loss of heat by radiation from the 
earth becomes more powerful than gain of heat by radiation 
from the sun), rainy weather is warm because the clouds 
prevent great loss of heat by radiation, and clear weather is 
cold because then radiation goes on comparatively un- 
checked, whereas in the summer, when the sun shines 
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nearly vertically and the nights are short, clear weather is 
hot, because we get more heat from the sun when there is 
no cloud, and rainy weather is cold because the clouds cut 
off much of the sun's heat. Winds also greatly affect the 
temperature of the air, especially in winter. If the earth 
were entirely covered with water, or consisted of fiat land 
only, the climate of any place (/>., the average condition of 
the atmosphere with regard to heat or moisture) would be 
determined by its latitude ; but, as we have already seen, the 
difference in the specific heats and radiating powers of the 
land and water areas has a very important effect on climate, 
continental climates being always extreme (hot in summer, 
cold in winter), and oceanic and insular climates equable 
and mild. The effect of ocean currents is also marked, as 
in the case of the Gulf Stream, the heated waters of which 
greatly modify the climate of N.W. Europe, so that, for 
example, London does not experience the excessive heat 
and cold of places in the same latitude in Asia or North 
America. 

6. The Movements of the Air. — Any alterations in the 
atmospheric pressure at different places at the same level 
produce movements of the air or winds blowing from the 
regions of high pressure (where there is a surplus of air) to 
the regions of low pressure (where there is a deficit of air). 
Such alterations of pressure arise mainly from differences 
of temperature^ and from differences of humidity. The air 
in contact with any heated portion of the earth's surface 
will be raised in temperature and will expand ; and similarly 
a diffusion of aqueous vapour in the air, due to increased 
evaporation, will cause it to expand, because it supports a 
portion of the pressure to which the air was subject. At 
the thermal equator, or zone of greatest heat (which, owing 
to the greater amount of land in the northern hemisphere. 
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lies to the north of the geographical equator), the air is 
heated, expands and rises ; there is also much evaporation. 
The column of air and vapour ascends to a great height, and 
then, sinking as it parts with its heat and moisture, flows in 
gentle curves towards the poles, while air flows in along the 
surface of the earth from the sub-tropical regions to supply 
its place. Since, however, the rotation of the earth affects 
the direction of bodies moving on its surface so as to deflect 
them to the right in the northern and to the left in the 
southern hemisphere, this indraught towards the equator, 
which would otherwise flow direct from the north and south 
is deflected towards the west. Hence arise the trade winds 
which blow constantly from the N.E. in the northern 
hemisphere and from the S.E. in the southern hemisphere, 
as shown in Fig. 36. The meeting region of N.E. and 
S.E. trade winds consti- 
tutes the rainy equatorial 
zone of calms or doldrums, 
which, following the sun, 
shifts northwards in the 
northern summer and south- 
wards in the southern sum- 
mer, the limits of the trade 
wind areas being corre- 
spondingly altered. The 
counter tnule winds are 
less constant south-westerly 
and north-westerly winds, due to the sinking in the temper- 
ate zone of the upper warm current flowing from the equa- 
torial regions. They are more constant in the southern 
hemisphere, blowing in the latitudes (between 40° and 50") 
known as the " Roaring Forties." Besides these more or 
less constant systems of winds, there are various systems of 
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periodic winds, such as the land and sea breezes (most 
marked in tropical countries), due to the fact that the land 
is hotter than the sea by day and cooler by night, thus 
causing the air over the land to rise in the daytime and 
cool air to flow in from the sea to supply its place, while at 
night the cooled air over the land becomes heavier and 
flows seaward. The S.W. monsoons of the Indian Ocean, 
blowing from April to October, are due to a reversal of the 
N.E. trade winds (which blow during the rest of the year 
and constitute the so-called N.E. monsoons), owing to 
the land masses of S. Asia being hotter during the summer 
than ihe equatorial parts of that ocean : they are thus like 
sea-breezes on a large scale. 

7. Weather Chaxts and Storm Warnings. — In order to 
trace out the varying local eddies and other movements of 
the atmosphere, we make use of synoptic charts^ in which 
the distribution of pressure is graphically represented by 
means of isobaric lines, or isobars. These are lines drawn 
through all places at which the barometer readings are the 
same at the same time. (Since, however, a fraction of the 
change in height of the mercury in the barometer may be 
due to expansion of the mercury owing to change of tem- 
perature, and since the reading of a barometer depends 
upon its height above the sea, corrections have to be applied 
to the observed readings, in order to be able to compensate 
for the varying conditions, hence the readings are said to be 
"corrected to 32^ F., and reduced to sea level.") 

The isobars are usually found to form certain definiie 
shapes^ of which the most important are closed curves round 
the areas of high or low pressure. When the barometer 
reading is lowest in the centre, we have a cyclonic, and 
when the highest reading is at the centre, an anti-cyclonic 
distribution of pressure. Observation shows that the 
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WINDS follow roughly the course of the isobars, the direc- 
tion of rotation being (in the northern hemisphere) clockwise 
in anti-cyclonic, and anti-clockwise in cyclonic systems, this 
difference being doubtless due to the effects of the rotation 
of the earth causing a deflection to the right, as shown in 
Figs. 37 and 38, where the dotted arrows show winds 



V 




Fig. 37. 



blowing directly toward the low-pressure, and away from 
the high-pressure areas, while the other arrows show the 
right-handed deflection due to the earth's rotation. The 
direction of the wind in the northern hemisphere is ex- 
pressed by Buys Ballot's rule — '* Stand with your back to 
the wind, and the barometer will be lower on your left hand 
than on your right." 

The VELOCITY OF THE WIND is found to be proportional 
to the closeness of the isobars, which are generally drawn to 
represent successive differences of barometric readings of^^ 
of inch (or about 5 mm.). It will be easily seen that lines 
at right angles to the isobars represent the directions in 
which the variation of pressure is the greatest. This vari- 
ation is known as the barometric gradient, and is measured 
in terms of yj^ ill. for 15 nautical (17 statute) miles. A 
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gradient of 3 corresponds to a fresh breeze, a gradient of 6 
to a strong gale. 

The character of the weather (cloud, rain, fog, etc.) is 
related to the shape of the isobars, sojne shapes enclosing 
areas of fine, and others of stormy weather. The main 
characteristics of cyclonic weather are as follows : — In the 
front of the cyclonic area the air is warm, moist, and muggy, 
and stratified forms of cloud prevail ; in the rear the air is 
cool and dry, with a bright sky, and predominance of 
cumulus cloud ; near the centre there is rain, due, no doubt, 
to the ascensional current. The storms of the temperate 
zone are usually cyclonic in character, and the whole system 
is usually found to travel E. or N.E. (its course being pro- 
bably largely determined by the general larger system of 
winds which prevail) at an average rate, in Europe, of about 
17 miles an hour. Hence the possibility oi forecasting the 
weather. Since, however, most of our storms come from 
the W., it will be seen that Great Britain is unfavourably 
situated in the matter of storm warnings, and it is not 
therefore surprising that the average success of weather fore- 
casts is greater (about 90 per cent.) in America than in this 
country. 

Fig. 39 is a copy (omitting some of the details) of the 
weather chart for Sunday, February 26, 1893 (6 p.m.), as 
given in the Times newspaper of the following day. The 
dotted Hues are the isobars, the values being marked (in 
inches) at the end. The arrows fly with the wind, the force 
of which is shown by the number of barbs and feathers. 
The asterisks denote the positions of the various meteoro- 
logical stations. The crossed line shows the apparent 
movement of the centre of disturbance ; thus, at 6 p.m. on 
Saturday, February 25 th, the centre of the depression was 
at A ; by the following morning (8 a.m.) it had advanced to 
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B, and the barometer had fallen to about 28*8 in. in South 
Wales, Devon, and Cornwall, strong squally winds and gales 
from the S. and S.E. being felt over the southern parts of 
the kingdom. As the cyclone system advanced during the 
26th towards the N.E., it became deeper, so that at 6 p.m., 
as shown on the chart, the barometer was as low as 
28*6 in. over the north 
of England, while the 
wind in the south had 
shifted, and was blowing 
from the N. and N.W. 
During the following day 
the centre of the depres- 
sion moved steadily along 
the North Sea coast to- 
wards the Shetlands, and 
the wind in Scotland 
backed to N.W. and W. 
" Heavy snowstorms were 
experienced over nearly 
the whole of North Britain, 
with severe gales on the 
east coasts, and a very 
high sea." 

The reader will probably obtain a clearer idea of the 
successive changes of wind and weather, and of their re- 
lations to the passage of the cyclonic system, by copying the 
dotted lines and arrows upon a piece of tracing paper, and 
placing the centre of the inner circle successively over the 
points marked by the crosses from A to C. It will then be 
easily seen how it is that — since the wind is blowing in a 
spiral form — a storm may be coming up from the west, and 
yet the wind (in front of it) may be blowing from the east. 
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A cyclone may be only 50 miles across, or it may be 
2000. Whirlwinds and the still more violent tornadoes on 
land, and waterspouts at sea, differ from cyclones in that 
their height is enormously greater than their width. They 
may be only two or three feet in diameter. Their nature 
and origin is not fully understood. 

The primary feature of anti-cyclonic weather is calm ; the 
air in the centre is descending, and is therefore dry, and 
since the whole system is usually much more stationary than 
a cyclone, an aoti-cyclonic distribution of pressure generally 
indicates settled fine weather, cold in winter, hot in summer. 

Me/erences, — Air and Water, by Prof. V. Lewes (in this series). 

Weather, by Hon. R. Abercromby (International Science 

Series). 
Popular Treatise on the Winds, by W. Ferrel (Mac- 

millan). 
Meteorology, by H. V. Dickson (in this series). 



Section IV.— The Waters of the Earth, 

I. Composition of Pure Water. — ^We'have already seen 
that water is not an element but a compound substance, and 
that it is formed by the burning of hydrogen in air. The 
discovery of the composition of water was made in 1 784, by 
Cavendish, who showed that if two volumes of hydrogen 
were mixed with one volume of oxygen, and the mixture 
exploded by an electric spark in a closed vessel, the gases 
wholly disappeared, leaving water as the only product of 
their union. He further showed that the weight of the 
water produced was the same as that of the gases which 
combined. It does not appear from his writings, however, 
that Cavendish had clear views as to the fact that water is 
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really a compound of the two elementary substances, oxygen 
and hydrogen. 

Nicholson and Carlisle, in 1800, showed that water is 
separated into its constituents by the passage of an electric 
current. {See p. 48.) It was subsequently found that when 
water was thus submitted to electrolysis in the open air in 
glass vessels, traces of alkali and of acid were produced, but 
Davy proved that these were derived from substances con- 
tained in the glass and air respectively, chemically pure 
water yielding gaseous substances only. 

The constituents of water being gases, we may state its 
quantitative composition either by volume or by weight. In 
the electrolysis of water it is found (after correcting for 
errors due to the greater solubility of oxygen in water, and 
to its partial condensation into ozone) that the volume of 
hydrogen is exactly double that of oxygen. We therefore 
conclude that water is made up oi one volume of oxygen com- 
bined with two volumes of hydrogen. This is confirmed by 
synthetic (putting together) experiments like those of 
Cavendish. It must be observed, however, that the volume 
of water produced is only about ^^j^ of the volume of the 
mixed gases. 

The experiments of Dumas and others have shown that 
by weight nine parts of water consist of one part of hydro- 
gen united to eight parts of oxygen (very nearly). 

That water is a pure compound substance and not a 
mixture^ is shown by the following facts : — (i.) Its con- 
stituents can be separated only by means of electricity, or 
of a very high temperature (1500° — 2000*^ C), or by the 
chemical action of certain substances upon it; (ii.) the 
proportions of these constituents are perfectly fixed and 
definite ; (iii.) the properties of water are very different 
from those of its constituents; (iv.) when oxygen arid 
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hydrogen unite to form water a large amount of heat is pro- 
duced, and a great contraction of volume occurs. 

2. Composition of Bain Water. — The water which occurs 
in nature is not a pure substance ; most of it has a very 
turbid appearance, arising from the presence of matter 
carried mechanically in suspension. This suspended 
matter may be removed either by decantation, /.d., allowing 
the material to gradually sink to the bottom of the ve-sel 
containing the water, and then carefully pouring off the 
clear liquid above, or by filtration through some porous 
material such as (on a large scale) a bed of sand and (on 
a small scale) a piece of porous paper folded into a funnel. 
But, besides this visible suspended material, the various 
natural waters contain dissolved impurities which cannot be 
removed by filtering. Water is the most general solvent 
known, and comparatively few solid substances, except 
some of the pure metals, are able to wholly withstand its 
solvent action, even glass being dissolved to some extent by 
long contact with water. 

In order to obtain water free from these dissolved im- 
purities we must have recourse to the process of distillation, 
which consists in converting the water into vapour by the 
aid of heat, and recondensing the vapour into the liquid 
form in a separate vessel. On a small scale the arrange- 
ment shown in Fig. 40 may be used. 

The water thus condensed contains only a certain amount 
of dissolved gases, all the non-volatile impurities having 
been left behind in the first vessel. 

Such a process of distillation is continually going on in 
nature; water is constantly being evaporated into the air 
from the surface of sea, river, lake, and pond ; and, as we 
have already seen, when the damp air gets chilled, this 
water is deposited in the form of dew or r^in, JUain-ivaUr 
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is then a kind of naturally distilled ivater^ and is the purest 
kind of natural water, because it can contain only gases and 
such solid substances as it meets during its fall through the 
atmosphere. One gallon of rain-water will generally furnish 
about four cubic inches of nitrogen, two of oxygen, and one 
of carbonic acid gas. In towns the rain-water is often dis- 
tinctly acid, and its oily and sooty taste renders it quite un- 
fit for drinking. 

3. Spring and River Water. — As soon as the rain water 
reaches the ground it begins to dissolve any soluble material 
with which it comes into contact ; whether it dissolves much 
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Fig. 40 

or little will depend upon the kind of rock or soil through 
which it passes, but in all cases it dissolves something; 
hence spring water, or water that has passed through more 
or less soil and rock, is more impure (/>., has a greater 
amount of substances dissolved in it) than rain water. Of 
the mineral substances found dissolved in ordinary spring 
or well water, the most important are common salt, and 
certain compounds of lime, whose presence may be de- 
tected by simple chemical tests. It is to the presence of 
the lime compounds that the hardness of most spring water 
is mainly due. By a hard water we mean simply a water 
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which curdles soap and does not at once form a lather with 
it. This hardness is of two kinds — temporary and permanent 
The former is usually due to the presence of carbonate of 
LIME (chalk or limestone) in solution. Chalk is practically 
insoluble in pure water, but it dissolves to a very consider- 
able extent in water containing carbonic acid in solution. 
Now, rain water contains, as we have seen, some carbonic 
acid gas dissolved from the atmosphere, and in the surface 
soil it usually meets with a further supply of this substance. 
It is therefore able to dissolve small portions of any rock or 
soil containing carbonate of h'me ; thus becoming hard. If 
this hard water be boiled for a short time the carbonic acid 
gas is driven off, and the chalk, being insoluble in the 
water freed from carbonic acid, is precipitated, becoming a 
suspended instead of a dissolved impurity, and as such it 
can be removed by decantation or filtration. A water 
whose hardness is due to the presence of carbonate of lime 
dissolved in it can therefore be softened by boiling : hence 
the term temporary hardness. (In some cases, temporary 
hardness is due to carbonate of magnesia instead of carbon- 
ate of lime.) The "fur" deposited in ketdes, and the 
solid crust formed in boilers, is usually largely composed of 
carbonate of lime, thus removed from solution by the pro- 
cess of boiling. Temporarily hard waters may also be 
softened by adding to them a suitable quantity of lime, in 
which case the lime (calcium oxide) combines with the 
carbonic acid gas to form chalk (as expressed by the equa- 
tion CaO + CO2 = CaCOa), but in so doing the carbonic acid 
has to give up the chalk which was originally held in solution, 
and so both the original chalk and the freshly formed chalk 
are removed from solution as a precipitate, which ultimately 
sinks to the bottom of the containing vessel. Sulphate of 
I.JME, or gypsum, is soluble in water, even if no carbonic 
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acid be present. Water which is thus made hard cannot 
be softened by boiling or by adding lime, and is therefore 
called permanently hard. Permanently hard waters may be 
softened by the addition of carbonate of soda, the chemical 
action being that described on page 86. 

When hard waters are used for washing purposes, the lime 
or magnesia compounds decompose the soap, forming in- 
soluble curdy compounds, and great waste of soap results. 
The hardness of water is often expressed in degrees which 
indicate the number of grains of carbonate of lime (or its 
equivalent) in each gallon of water. 

Mineral waters are simply spring waters containing so 
large a quantity of some ingredient as to have a decided 
taste or medicinal action. Those containing salts of iron in 
solution (as at Spa), are termed Chalybeate waters. Others 
containing various salts such as magnesium sulphate (Epsom 
salts), or sodium sulphate (Glauber's salts), are classed as 
saline waters. 

River water, consisting essentially of spring water largely 
mixed with surface rain water, is usually softer than spring 
water, except where it has received sewage and refuse water 
from towns. The following table, taken from Professor V. 
Lewes's " Air and Water," shows the results of the analysis 
of some natural waters, the numbers showing the amount 
(in grains) of each substance in one gallon of the water. 

Spring. River. Sea. 

Calcic Carbonate 16*30 10*80 3*32 

Calcic Sulphate 5*37 3*00 93*21 

Magnesic Carbonate O'oo 1*25 trace 

Magnesic Chloride o'oo o'oo 220*55 

Magnesic Sulphate 0*93 o*oo 144*62 

Sodic Chloride... 2*64 1*80 1850*74 

Silica, Alumina, etc 0*23 0*27 trace 

Just as dissolved carbonate of lime is deposited in the 
§Qlid form, 4s " fur " in kettles, sq on a larger scale in nature 
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this substance may be deposited from calcareous waters in 
the form of the stalactites and stalagmites so frequently 
seen in limestone caverns. Each drop of water which 
percolates through the cavern roof, charged with its load 
of carbonate of lime, deposits a tiny speck of solid, as a 
little of the water and carbonic acid evaporate; thus 
in time a pendent icicle-like mass of this material grows 
down, often to be met by the upward-growing stalagmite 
due to a similar deposition from the countless drops 
which reach the floor. The grotto of Han in Belgium, 
the caves of Adelsberg, in Carniola, the Fish River caves 
near Sydney, in Australia, and the caverns of Luray in 
Virginia, are some of those which exhibit the most remark- 
able examples of these deposits. Objects, such as birds' 
nests, are often placed beneath the drip of calcareous 
waters, and become encrusted with a coating of carbonate 
of lime. They are popularly but erroneously said to be 
*^ petrified," or converted into stone. A more continuous 
mass of deposited carbonate of lime, thrown down by larger 
streams, constitutes the material known as travertine or tufa. 
4. Waters of Salt Lakes. — The waters of such lakes as 
the great Canadian lakes, which are practically merely out- 
spread rivers, have much the same composition, but there 
are other lakes, such as the Dead Sea, that have no lower 
outlet, lakes that keep their normal level by evaporating 
as much water as they receive from rain and rivers, and the 
water of these lakes is always salt. It is popularly supposed 
that all such salt lakes have been portions of the sea. This 
is doubtless the case with the Caspian, which appears to be 
simply a portion of the Mediterranean cut off by the 
gradual elevation of the intervening country. The Great 
Salt Lake of Utah, 0:1 the other hand, is not a portion of 
the sea, but the remnant of a once much larger fresh water 
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lake system. The present lake is about 80 miles long, and 
20 to 32 miles broad; it is partly surrounded by mountains, 
along the sides of which well marked terraces indicate 
ormer levels of the water : the highest of these beach lines 
is about 940 feet above the present water level, so that, at 
one time the lake was 300 miles long and 180 miles broad. 
Its waters were then undoubtedly fresh, for it had an out-let 
to the North, and in its stratified deposits the remains of 
fresh water shells have been found. To this extinct sheet 
of water Mr. Gilbert has given the name of Lake Bonneville. 
Owing to some change in the climate the lake began to 
shrink, and when it had sunk below the level of the outlet, 
it began to get more and more saline because it was con- 
stantly receiving river waters containing common salt, chalk 
and other substances in solution, while its only outlet was 
by evaporation ; the water which flowed in was hard, the 
water which came out (as vapour) was soft. So strongly 
saline is the water of the present Great Salt Lake that a 
swimmer floats in spite of himself, and "the under surfaces 
of the wooden steps leading into the water from the bathing 
places, are hung with short stalactites of salt from the 
evaporation of the drip of the emergent bathers." The 
following table shows approximately the percentage com- 
position of the water of this lake, and of ordinary sea 
water. 

Great Salt Lake, Ordinary Sea Water 

Water 85*006 96*470 

Sodium Chloride 11*862 2*700 

Magnesium,, l'A90 0*360 

Potassium „ 0*070 

Calcium Sulphate 0*085 0*140 

Magnesium,, / 0*230 

Potassium ,, o*536 

Sodium „ 0*932 

Calcium Carbonate,... 0*003 

bromides, Iodides, Silicate, o*o86 (e:;cess chlgrine). 0*027 
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It will be seen that the water of the Great Salt Lake 
contains no carbonate of lime, but a great deal of common 
salt. What then becomes of the carbonate of lime carried 
into it by rivers ? It is apparently all precipitated. Further 
to the west was another great fresh water lake (Lake 
Lahontan of Clarence King), and its ancient terraces are 
abundantly cemented with such deposited carbonate of 
lime ; several square miles of calcareous tufa 20 to 60 and 
even 120 feet thick being now found on the site of its 
ancient waters. 

5. The Composition of Sea Water. — It will be seen 
from what we have learned as to the composition of 
terrestrial waters, that every river carries down each year to 
the sea an enormous quantity of mineral matter in solution. 
When the water evaporates from the surface of the sea, 
this dissolved matter is left behind, and it must therefore 
tend to accumulate in the oceanic waters, just as it has done 
in those of the Great Salt Lake, unless thereare means by which 
it gets removed from solution. Now, the above analysis of 
sea water shows that although the rivers are carrying into 
the ocean great quantities of lime compounds, these are 
not the most important of the mineral constituents of sea 
water. The reason of this apparent anomaly is simple: 
many marine organisms, such as the coral polype, globi- 
gerina, and "shell fish," extract the dissolved lime com- 
pounds to build up their calcareous shells or skeletons, and 
owing to this action (which, as we shall see later on, has 
resulted in the removal of immense quantities of carbonate 
of lime from the sea to form our chalk and limestone rocks), 
sea water contains comparatively little dissolved chalk. 
The common salt carried into the ocean by the rivers is not 
thus removed ; its indefinite accumulation in sea water is, 
however, prevented by other processes. From time to 
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time a portion of the oceanic water gets cut off from com- 
munication with the open sei and begins to dry up by- 
evaporation. Now, when sea water is evaporated, Its 
dissolved salts are left behind in the solid form ; as soon as 
one-third of the water is evaporated off, it begins to deposit 
its sulphate of lime, this substance being much less 
soluble than common salt, which is not thrown down until 
93 per cent, of the water has been evaporated, hence it is 
that deposits of rock salt are usually associated with, and 
rest upon deposits of gypsum. The Caspian Sea is still 
too fresh to deposit its salts except in the shallow pools 
and bays where evaporation proceeds rapidly. The Dead Sea 
has already deposited its gypsum and much of its common 
salt, so that it now contains much more of the very soluble 
chloride of magnesium than it does of chloride of sodium : 
on its southern shore is a ridge of rock salt seven miles long, 
and 300 feet high, known as the Ridge of Sodom. Our 
English salt deposits of Worcestershire and Cheshire were 
similarly formed in a salt lake which probably originated 
like the Caspian in the cutting off of a portion of the main 
ocean by subterranean elevation. The Triassic rocks* of 
Britain exhibit in detail the characteristics of the deposits 
of modern salt lakes. 

It will be seen that, given a fresh water sea, the effects of 
the actions now in progress would be to convert it into a 
salt water sea, just as on a smaller scale the fresh water 
Lake Bonneville has become the Great Salt Lake. In all 
probability, however, the sea never was fresh (the first 
formed hot ocean probably containing more dissolved 
material than the present seas), and it is impossible to say 
how much of the saltness of modern sea water is original. 

6. The Great Oceans. — The waters of the sea cover 
about I of the total surface of the earth. The area of the 
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Pacific Ocean is nearly J, and of the Atlantic nearly ^ of 
the total sea area. Our knowledge of oceanography has 
been much enlarged by the researches of the Challenger 
(1872-1876), and other deep-sea exploring expeditions. 
The DEPTH of the ocean varies from 1,000 to 30,000 feet 
(about ^\ miles), the average being probably about 12,600 
feet. The maximum height of the land above the surface 
of the sea is also about 5 J miles, but the average height of 
the land is estimated by Dr. John Murray to be only about 
2,200 feet above ^^ sea levels The level of the sea varies 
not only on account of tides and waves, but also because 
of the water's yielding to the attraction of elevated masses of 
land, so that there is much uncertainty about the relative 
levels of distant places. The heights on our survey maps 
are measured from the level of meantide at Liverpool, 

The SEA-FLOOR appears to be smoother than the land 
surfaces. It sinks, generally rapidly, from the coast lines 
down to a depth of 2, 3, or more miles, and continues as an 
undulating plain, rising occasionally into broad, submarine 
ridges or plateaux. The Atlantic basin, for example, is 
divided into three distinct troughs or hollows (whose mean 
depth is over 2,500 fathoms, or 1*5,000 feet) by a ridge ex- 
tending along the middle through its whole length, and 
joined to the northern coasts of S. America. This ridge is 
known as the Dolphin Ridge in the N. Atlantic and as the 
Challenger Ridge in the S. Atlantic, the two portions being 
joined by the Connecting Ridge; its average depth is about 
1,500 fathoms (9,000 feet), and from it rise the volcanic 
islands of Tristan, Ascension, St. Paul, and the Azores. 
These submarine ridges have an important influence on the 
distribution of temperature over the ocean floor. Except 
in the iceberg region of the Antarctic circle the water is 
always warmest at the surface, where, near the equator, it 
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reaches So** F. It cools rapidly for the first few hundred 
fathoms, and then slowly down to the bottom, or to the 
level of the submarine ridges which cut off the supply of 
colder water. In the temperate parts of the N. Atlantic 
the water is above 40** F. to a depth of one mile or more ; 
in the tropical and south temperate regions a temperature 
of 40*^ F. is reached at the depth of about J a mile ; while 
as we approach polar regions the temperature of 40° is met 
with at the surface. The bottom temperature in the E. 
and N.W. depressions is about 35°, but in the S.W. basin, 
where there is a free communication with the Antarctic 
waters, it sinks to 31** F., or below the freezing point of 
fresh water. The low temperature of this deeper water is 
evidently pro.iuced by cold under-currents flowing from the 
polar region. These under-currents cannot enter the other 
basins on account of the intervening ridges. Similarly in 
inland seas, such as the Mediterranean, the minimum tem- 
perature is reached within a few hundred fathoms below 
the surface. In the Mediterranean the temperature never 
falls below 50° F., the Strait of Gibraltar having a depth of 
less than 200 fathoms, and admitting no water colder than 
55°. The bottom temperature of the Atlantic outside the 
straits is 37^ 

The MOVEMENTS OF THE OCEAN may be classed as 
(i.) Tides, (ii.) Waves^ (iii.) Currents, The causes of the 
tides have already been briefly noticed in Chapter II. 
Section 3. Waves are produced by the action of the wind, 
just as upon a small scale such movements may be pro- 
duced by blowing upon the surface of water in a basin. On 
studying such waves we find that while the waves travel 
horizontally onwards the actual motion of individual water 
particles is only an up and down movement, for a floating 
cork or chip of wood is merely raised or depressed and not 
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perceptibly shifted horizontally as the wave passes. In 
each wave we distinguish crests and troughs ; the length of 
a wave is the distance from one crest to the next. The 
largest waves of the sea are about 50 feet high from trough 
to crest, their length being sometimes half a mile, and they 
travel at the rate of about 80 miles an hour. Smaller waves 
travel less rapidly. The movements of the oceanic waters 
known as currents appear to be due to several causes. By 
some authors they have been attributed chiefly to the im- 
pulse of the prevailing winds, and Mr. A. W. Clayden has 
constructed a model of the Atlantic, in which a system of 
miniature currents corresponding to those of the real ocean 
is produced by air currents blown from a number of tubes 
so as to imitate the movements of the actual winds. A 
reference to any good physical atlas will show that there is 
a fairly close correspondence between the directions of the 
chief winds and surface currents, while it seems clear that 
such currents as those of the Indian Ocean, which change 
twice a year with the monsoons, must be mainly wind- 
formed. Other observers, however, give more prominence 
to the effects of differences of temperature and saltness in 
the different parts of the sea, which must cause disturbances 
of equilibrium tending to set up movements of the water. 
Whatever the relative importance of these and other causes, 
the actual movements are modified by (i.) the rotation of the 
earthy which, as we have seen (p. 45) tends to deflect bodies 
moving on its surface, and (ii.) by the different forms of 
coast lines and irregularities of the sea-floor, which tend to 
produce local variations. The general movement of the 
surface waters forms a right-handed whirl or vortex in the 
N. Atlantic and in the N. Pacific, and a left-handed whirl 
in the southern parts of each ocean. The western part of 
the N. Atlantic whirl constitutes the gulf stream^ which is a 
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river of warm salt water about 50 miles wide, flowing at the 
rate of about 5 miles an hour, from the Gulf of Mexico 
through the Strait of Florida and gradually spreading out 
fan-like, as it travels with diminishing velocity eastward 
across the Atlantic. Its effects upon the climate of W. 
Europe have already been noticed (p. no). Professor 
Haughton calculates that the Gulf Stream carries into the 
north temperate zone one-twelfth part of the heat received 
by the torrid zone from the sun. 

In addition to these more constant surface currents, the 
rise and fall of the tides produce periodical currents along 
the coast lines. In the case of such estuaries as those of 
the Severn and the Hooghly, the gradual narrowing of the 
channel causes the inflowing waters to be heaped up in a 
sort of ridge or wall termed a dore. 

References,— ?xoU V. Lewes, Air and Water (Methuen). For salt 
lakes, Geikie's Text Book of Oedogy (Macmillan). 
And for oceanography, Physical Geography Primer, 
by Prof. P. M. Duncan (Ward, Lock & Co.) ; Prof. 
Haughton's Lectures on Physical Geography (Long- 
man) ; Miirs Realm of Nature (Murray), and works 
there cited. 



CHAPTER IV. 

WORK AND ENERGY. 

Section L — The Principle of the Conservation of Energy, 

I. Meaning of the Terms Work and Energy. — In the last 
chapter the principle known as that of the Conservation of 
Matter hag been illustrated and explained. We have now 
to consider a second great principle in Science, that of the 
Conservation (or Indestructibility) of Energy. At the outset 
of our inquiry it will be necessary to have a clear idea of 
what is meant by the word '^energy" as used in physical 
science. When we speak of a man of great energy, we 
imply that the person thus spoken of is capable of doing a 
large amount of work. Similarly in applying the term to 
an inorganic body or system of bodies, we define energy as 
the capacity for doing work or overcoming resistance of any 
kind, and the amount of energy is measured by the amount 
of work which the system can perform. We get some idea 
of different amounts of work from the sensation of fatigue 
which usually succeeds great muscular exertion. But our 
sensations alone will not give us a very definite measure of 
work, and, therefore, it is necessary in Physics to have a 
more precise method of measurement. If we consider the 
case of a clock which is put in motion by a weight sinking 
to the ground, it is quite clear that this weight in falling 
does work in overcoming the resistances of the air, and the 
friction of the various parts of the works of the clock which 
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would otherwise soon cause the movements to stop. When 
the weight reaches the ground, it has lost this power of 
doing work, which, however, it regains when we wind the 
clock up by the power of the arm. In so doing, we do a 
certain amount of work against the resistance of gravity 
which tends to pull the weight to the ground, and the 
weight is again in a position to put the clock in motion. 
Now, suppose we have such a clock in which a i lb. weight 
falls through a distance of 10 feet, and in so doing keeps 
the clock going for one whole day of 24 hours : we have 
here a certain definite piece of work performed, and it is 
evident that if the length of the string be doubled so that 
the weight falls through 20 feet instead of 10, the clock will 
go for two whole days and we shall have twice as much 
work done, the same set of resistances being overcome in the 
second day as on the first. We conclude, therefore, that 
the weight remaining the same, the work done is propor- 
tional to the distance through which it falls, and that by doub- 
ling the distance we double the amount of work. If, further, 
we imagine that ten such clocks were made exactly alike, 
each driven for 24 hours by a i lb. weight falling through 
10 feet, it is equally clear that (since each weight has to 
overcome the same resistances as the original one) we shall 
have ten times as much work done by these 10 lbs. falling 
through 10 feet, as was done by the i lb. weight falling 
through the same distance. Hence we see that, keeping 
the distance the same, the amount of work done increases 
directly as the weight. We may, therefore, in measuring 
the amount of work done by a falling weight, take the pro- 
duct of the weight multiplied by the distance through which it 
falls as the measure of the work done. 

It will be seen from the illustration considered, that no 
work is done by the force of gravity, so long as a weight 
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rests upon the ground. In order that work may be done, 
the weight must move through a certain distance. 

A force then may be said to do work when it moves its 
point of application in its own direction; and the unit of work 
is defined as the amount of work done by a unit force in 
moving through a unit distance. The unit of work com- 
monly adopted in this country is the foot-pound. This is 
the work done by a pound weight in falling through i foot. 
Since the weight of a pound varies slightly at different parts 
of the earth's surface, the foot-pound will have a correspond- 
ing difference in value. The C.G.S. unit of work is called an 
erg. {Gx. ergon — work) ; it is the work done by a dyne in moving 
through a distance of one centimetre in its own direction. 
If the point of application of a force is moved only in a 
direction at right angles to the direction in which the 
force acts, it will easily be seen that no work is done ; thus 
work is done in lifting a weight through a certain vertical 
distance against the force of gravity which tends to pull it 
downwards, but no work is done against gravity in sliding 
the weight horizontally along a smooth level surface, though 
in practice a small amount of work has to be done in over- 
coming the resistance of friction. 

It will be seen that the tifne taken to perform a certain 
piece of work does not enter into the definition of work as 
given above. The rate at which an agent can work is 
called its power, and is measured by the number of units of 
work which it can do in a unit of time. An agent which 
can perform 33,000 ft. lbs. of work in one minute, or 550 
ft. lbs. in a second, is said to be of one-horse power. 

2. Function of a MarChine. — The principle of the con- 
servation of energy has been thus stated by Maxwell : — 
^^The energy of a system is a quantity which can neither be 
increased nor diminished by any actions taking place between 
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the parts of the system^ though it may be transformed into 
any of the forms of which energy is susceptible^ 

Now, if we consider the action of any of the common 
mechanical powers^ such as a lever, a wheel and axle, or a 
system of pulleys, it appears at first sight as if we had a 
distinct creation of energy. Let us suppose, for instance, 
that we have a large weight which it 
would require three men to lift without 
the aid of any mechanical contrivance. 
We know that by using a system of 
pulleys, such as are shown in Fig. 41, 
one man might lift the weight which, 
without this mechanical arrangement, 
would require the united efforts of 
three men. Here, then, it seems as if 
energy had been created by the 
machine. A further consideration 
shows, however, that in order to raise 
the weight through i foot the man 
must pull the end of the rope down 
through 3 feet (for it is evident that 
the length through which the free end 
of the cord is pulled has to be dis- 
tributed through three ropes, each of 
which is therefore shortened by only \ 
of this length). Hence there is no 
real creation of energy ; in fact, calling 
the pull on the string P (the power). Fig. 41. 

and the weight raised VV, we have, in such a system of 
pulleys (neglecting friction) : — 

Wx distance through which it ascends = Px distance through which 
it descends. 

That is to say, the work done is the same in each case. 




134 THE EARTH. 

Similarly in any other mechanical arrangement, what we 
gain in one way we must lose in another ; hence the work- 
shop adage, " What is gained in poiver is lost in speeds 

The principle of the conservation of energy, in so far as it 
relates to the work done by a simple machine without 
friction, was really stated by Newton in his second interpre- 
tation of the third Law of Motion. Practically, however, 
we cannot neglect friction, and no machine really gives back 
the whole of the work spent upon it. In Newton^s time it 
was thought that the work done against friction was abso- 
lutely lost or annihilated ; we now know that it is converted 
into heat, and we shall see that heat is itself a form of 
energy. 

3. Heat a Form of Energy. — We will b^gin by con- 
sidering the case of a steam-engine, in which a piston is 
driven backwards and forwards by the steam, which, after 
each stroke, is condensed again into water. Now, it is 
evident that if no heat were lost by the way, the steam 
which is generated in the boiler would ultimately carry 
with it to the condenser the whole of the heat supplied to 
it by the boiler fires. In practice, of course, some heat 
must be lost by the way. But it has been found by a long 
series of experiments, conducted by M. Him of Colmar, 
that when an engine is at work the steam returns much less 
heat to the condenser than can be accounted for by t/ie ordinary 
sources of loss, and that for every unit of heat which thus 
disappears, a certain definite quantity of mechanical work 
is performed. We have, therefore, in a steam engine a 
case of the conversion of heat into work : the heat has to pass 
out of existence as heat before it produces visible motion. 
On the other hand, whenever motion is stopped by friction, 
or by percussion, heat is produced. If a metal button be 
briskly rubbed on a wooden table it will very soon become 
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hoi enough to set fire to a piece of phosphorus ; when the 
break is put on, sparks are often seen to fly from the wheals 
of a railway train ; when a cannon ball strikes an iron target 
a flash of light is sometimes observed; and among un- 
civilised people fire is usually kindled by the friction of 
two pieces of wood rubbed together. It will be noticed 
that in all these instances we have motion arrested ; the 
moving body must be deprived of its motion if heat is to be 
produced. We have, in fact, in each case a conversion of 
work into heat. 

It becomes, then, necessary to consider further what 
evidence we have as to the nature of heat itself. The old 
philosophers regarded heat as a subtle fluid, which passed 
into or out of bodies. It was thought that a certain amount 
of this fluid (which was termed "caloric") must be mingled 
with the particles of any substance in order to produce a 
certain temperature. The heat developed by friction or 
percussion was supposed to be due to an alteration in the 
heat capacity of the body concerned, the heat being, as it 
were, squeezed out by the blow or pressure. This view of the 
material nature of heat was generally held until the end of 
the eighteenth century, though suggestions had been 
made by Lord Bacon and others (without experimental 
proof) that heat might be rather a movement than a sub- 
stance. Benjamin Thomson, afterwards Count Rumford, 
seems to have been the first to clearly set forth the inade- 
quacy of the generally received theory. While superintend- 
ing, the boring of cannon in the arsenal at Munich, he was 
struck with the very large amount of heat produced by the 
friction of the boring bar against the metal castings, and he 
thought that an experimental investigation might enable 
him " to form some reasonable conjecture respecting the 
existence or non-existence of an igneous fluid." He there- 
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fore proceeded to make a series of careful experiments, 
with the object of finding out the source whence the heat 
produced might have been derived. He found that there 
was no appreciable difference between the heat capacity of 
the solid metal and of the fragments abraded by the action 
of the borer, so that the heat could not have been derived 
from the borings, owing to their capacity for heat being made 
smaller, as had been supposed to be the case when a body 
was reduced to powder or divided into small particles. 
Nor could the heat have come from the air, for it was still 
produced when the whole apparatus was placed in water, 
while it seemed extremely improbable that it should have 
come from the boring-bar or gun-metal casting, because 
heat was constantly escaping by these channels. Finding, 
further, that the source of the heat appeared to be inex- 
/laustibiey Rumford concluded that heat could not be a 
material substance, and that it was " extremely difficult, if 
not quite impossible, to form any distinct idea of anything 
capable of being excited and communicated in the manner 
the heat was excited and communicated in these experi- 
ments except it be motionJ^ These experiments of Rum- 
ford were published about 1798, and a few months after- 
wards Sir Humphrey Davy showed that two pieces of ice 
could be melted by rubbing one against the other, even 
if the experiment was made in a vacuum, and with the sur- 
rounding bodies at a temperature below the freezing point. 
Thus the heat required to melt the ice must necessarily 
have been produced by the friction. The experiments of 
Rumford and Davy really disproved the material theory of 
heat ; though Davy at first did not clearly realise this. It 
is to Dr. Joule of Manchester, however, that we owe^ the 
first quantitative experiments showing the exact numerical 
relation which exists between heat and mechanical energy. 
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The question which Joule set himself to answer was this : 
Can we get any amount of heat from a definite amount of 
mechanical work, or do we always get the same amount of 
heal ? By means of a series of most careful experiments, ex- 
tending over many years, he showed that the quantity of 
heat produced by the friction of bodies is strictly propor- 
tional to the work done, and thai to generate, by mechanical 
means, enough heat to raise i lb. of water through i** F., 
about 772 ft. lbs. of work must be done; in other words, 
if a weight of 772 lbs. falls through i ft. (or a weight of i 
lb. through 772 ft.) one such unit of heat would be pro- 
duced in bringing it to rest. This value of 772 ft. lbs. 
(usually designated by "J ") is known as ** the mechanical 
equivalent of heat.*' The number of course varies when 
a different heat unit is taken. Using the centigrade ther- 
mometer, for example, instead of the Fahrenheit, the value 
is 1390 ft. lbs. 

Joule's best known experiments were made about the 
year 1849, and consisted in the accurate measurement of 
the rise of temperature produced in a given quantity of water 
(or mercury) by the friction of metallic paddles caused to 
rotate rapidly in it by the descent of known weights through 
a measured distance. , 

" Now^ since heat can be produced it cannot be a substance, 
and since whenever mechanical energy is lost by friction there 
is a production of heat, and whenever there is a gain of 
mechanical energy in an engine there is loss of heat^ and since 
the quantity of energy lost or gained is proportional to the 
quantity of heat gained or lost ^ we conclude that heat is a form 
ofenergy.^^ — (Clerk Maxwell.) 

We have reason to believe that this energy is that 
of the motion of the molecules of a body, and that when a 
cannon ball strikes a target and is thereby deprived of its 
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motion as a whole, this motion is not really lost, but is 
transformed into a new vibratory motion of the particles of 
the ball and target. A rough illustration of such a trans- 
formation may be made by fastening a number of bells to 
a large heavy hoop suspended to the ceiling ; if this hoop 
be allowed to swing freely backwards and forwards, like a 
pendulun^, no ringing of the bells will be observed ; but if 
an obstacle, such as the hand, be opposed to the motion of 
the hoop, in the middle of its swing, the onward movement 
of the body, as a whole, is suddenly destroyed, and trans- 
formed into a vibratory motion of its parts, which causes the 
bells to clang. 

4. Emetic and Potential Energy. — We have seen that a 
body may possess energy in virtue of its motion; that the 
weight of a clock, for example, in the act of falling does a 
certain amount of work which it cannot do when the weight 
reaches the ground. But we have also seen that the weight 
when raised up (even when not in actual motion) is in a 
different condition as regards its power of doing work from 
the same weight when resting on the ground. The raised 
weight is msi position of advantage, with respect to the earth, 
in virtue of its being separated from the earth by a certain 
distance, whereby it is made ready to fall in obedience to 
what we conveniently call the force of gravity. It there- 
fore possesses energy, or the power of doing work, which is 
not possessed by the weight after it has fallen. 

We may then divide the energy of a system of bodies into 
two parts : (i.) that part ivhich is due to the relative motion of 
the parts cf the system (called its kinetic energy) ; (ii.) that 
part which is due to the relative position of the parts of the 
system (called its potential energy). It will be further seen, 
from the illustration considered, that the potential and 
kinetic forms of energy are mutually convertible. The 
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system consisting of the earth, and a ten pound weight, 
raised to the height of 5 feet from the ground, may be said 
to possess 50 foot-lbs. of potential energy in virtue of the 
relative position of the weight and the earth. If the weight 
be allowed to fall freely, this potential energy passes into 
the kinetic form, and the weight reaches the ground 
with a considerable velocity, and in the act of striking 
the ground this energy of visible motion is converted into 
heat 

An ordinary pendulum furnishes an excellent illustration 
of this transformation. When the bob is at its highest point 
all the energy is in the potential form ; at the middle of its 
course, when moving fastest, all the energy is kinetic ; as the 
bob reascends on the other side of its lowest point it loses 
kinetic and gains potential energy, until, when it comes to 
rest for an instant at the end of its swing, the energy is again 
entirely in the potential form. If there were no resistance 
of the air or friction at the points of suspension, the pendulum 
would go on thus moving for ever; owing, however, to 
friction, some of the energy is continually being converted 
into heat motion, and thus the pendulum ultimately comes 
to rest. 

We have in the solar system another illustration of the 
constant change of potential into kinetic energy, and vice 
versa; when the planets approach the sun there is a diminu- 
tion in the potential energy of the system consisting of sun 
and planets, just as there is in the system of earth and 
pendulum when the bob approaches the ground, but in each 
case there is an equivalent gain of kinetic energy ; for we 
have already observed that the planets move faster in their 
orbits as they approach the sun. Conversely, on receding 
from the sun, and • thus increasing the potential energy of 
the system, we find that their velocity (and so their kinetic 
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energy) is diminished. Thus the sum of the two energies 

is ahvays constant. ^ 

Htferences. — In Helmholtz's Popular Scientific Lectures (Longman's) 
a very clear and readable account of thfe Principle of 
the Conservation of Energy will be found under the 
title of ** The Conservation of Force." The history 
of the doctrine is fully discussed in Tail's Recent 
Advances in Physical Science (Macmillan), a work 
which should be read by e^ y student. An interest- 
ing account of Rumford's .-ork will be found in 
Garnett's Physicists (EIc cs of Science Series, 
S.P.C.K.). 

Section 11. — The Forms o Enetgy and their 
Transformations. 

I. Energy of Masses. — The kinetic energy of a moving 
body may be termed energy of visible motion. We have 
examples in nature of this kind of energy in the movements 
of planets and meteors, in a falling rock or avalanche, in 
wind and rain and running streams. The relation between 
the velocity of a moving body and its kinetic energy is ex- 
pressed by the law of squares, which states that when the 
velocity is doubled the energy is increased fourfold; with three 
times the velocity we have nine times the energy, and so on. 

In a rain-cloud, a head of water, and a mass of snow upon a 
mountain, we have instances in Nature of the potential 
energy possessed by masses when raised to a height. 
This form of energy has been termed potential energy of 
visible arrangement. Besides the above, and similar ex- 
amples in which the energy is due to a position of advantage 
with respect to the force of gravity, we have instances of 

^ It is possible that all energy is really kinetic ; thus in the system con- 
sisting of the earth and a raised weight, it may be that the energy is due 
to some VMtion in the medium surrounding both earth and weight that 
presses them together. See a paper by Prof. Oliver Lodge in " Proceed- 
ings of the Physical Society y vol. xii., part 3. (Dec. 1893.) 
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this form of energy of position in a bent bow, or a coiled 
spring, where work has been done against the elastic forces 
of the bodies concerned, and a position of advantage with 
respect to these forces thereby gained. 

2. Molecular Energy. — We h ave seen that heat may be 
regarded as the energy of the vibratory motion of the mole- 
cules of which matter is composed, and that when the motion 
of visible masses is arrested it is converted into the motion 
of invisible molecules. Similarly we have a potential form 
of molecular energy comparable to that possessed by a raised 
weight and the earth. When a solid passes into a liquid, 
or a liquid into a gas, a certain amount of heat disappears 
or becomes " latent " (page 53). The heat energy is used 
up in overcoming the cohesion of the particles, and is stored 
up in the potential form of energy of molecular separation. 
The molecules have been pushed farther apart, and are 
thereby placed in a position of advantage with respect to the 
force of cohesion or molecular attraction^ which tends to 
bring them together. When we allow them to approach 
again, this energy re-appears as heat. We have another 
example of this form of energy in a rod of metal expanded 
by heat, in which case mechanical work may be done in the 
process of cooling, as in the well-known practice of " shrink- 
ing " tires on to wheels. 

3. Chemical or Atomic Energy. — When a current of 
electricity passes through acidulated water, we have learned 
that the water ii decomposed into its constituents, oxygen 
and hydrogen. The same decomposition may be brought 
about by the action of very great heat. In this case, heat 
is used up or disappears, and is converted into another 
form of energy which may be conveniently termed energy 
of chemical (or atomic) separation. The system consisting 
of uncombined oxygen and hydrogen very evidently pos- 
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sesses energy, for by exploding the mixture in a cannon we 
could give a great velocity to the cannon ball. The particles 
of oxygen and hydrogen are in a position of advantage with 
regard to the force of chemical attraction or affinity, which 
tends to cause them to combine. They are like the raised 
weight, or the bent bow. When we cause them to combine, 
by applying a light or spark (analogous to the action of 
loosing the bowstring, or dropping the weight), the atoms 
may be supposed to rush together (the energy thus momen- 
tarily taking a form which may be termed atomic inotion) ; 
energy of chemical separation disappears, and an equivalent 
in the form of heat or of visible motion appears. In gun- 
powder and other explosives, as well as in ordinary fuels 
(together with the oxygen of the air), we have well-known 
examples of the potential energy of separated atoms. In all 
cases of chemical combination we find that heat is produced, 
and in all cases of chemical decomposition heat (or some 
other form of energy) must be used up or disappear in order 
to supply the energy of chemical separation which appears. 
4. Electrical Energy.— But the energy in cases of 
chemical combination need not all appear as heat; a part of 
it may take the form of electricity in motion. If a plate or 
rod of ordinary zinc be dipped into dilute sulphuric acid, we 
have seen that zinc sulphate is formed and hydrogen gas 
liberated ; in this action a great deal of heat is produced, 
the zinc may, in fact, be said to undergo a kind of slow 
combustion. If, however, the zinc be quite pure, or if 
ordinary zinc amalgamated or covered with a coating of 
mercury be used, it is found that no action takes place, 
unless a rod of some other metal (as copper or platinum) 
or of carbon, be dipped into the acid — not touching the 
zinc — and joined to the plate of zinc by a metallic wire 
outside the liquid, the whole arrangement forming what 



WORK AND ENERGY. 



Hi 



is termed a simple voltaic cell (Fig. /d2). Under these 
circumstances 
the zinc dis- 
solves, sulphate 
of zincis formed, 
and hydrogen is 
evolved as be- 
fore (appearing, 




Fig. 43. 



however, at the surface of the unattacked copper or platinum 
plate), and the wire acquires certain properties which are 
said to be due to a current of electricity passing along it. 
This current possesses energy, for it can be converted into 
h^af, as in an ordinary incandescent lamp in which a filament 
of carbon is raised to a white heat by the passage of the 
current, or it can be made to perform mechanical worky 
as in an electro-motor, or to do chemical work^ as * in 
electro-plating, or the electrolysis of water. Now, it has 
been shown by Favre that when heat is being produced, or 
work being done by the current outside the cell, a propor- 
tionally smaller amount of heat is produced in the cell itself. 
We have thus in a galvanic cell and electro-motor an 
instance of the conversion of energy of chemical separation into 
energy of electricity in motion^ and of this again into energy 
of visible motion. In a dynamo machine, in which a current 
is produced by the rotation of coils of wire between the 
poles of powerful magnets, we have the reversed action of 
energy of visible motion being converted into electricity in motion. 
Work is done in moving the coils against the magnetic forces, 
and the energy ot the current is the equivalent of the work 
thus done. 

In the case of an ordinary frictional electrical machine, 
work is done against friction by rubbing, and an equivalent 
is produced in the form of energy of electrical separation. 
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Two oppositely electrified bodies tend to attract one another, 
they are, therefore, when separated, in a position of advant- 
age with respect to this force of electrical attraction, which 
tends to cause the separated electricities to unite. When 
they do unite, the energy of electrical separation disappears, 
and an equivalent in the form of a momentary electric cur- 
rent, and ultimately, usually of heat and light appears. 
The exact nature of electricity is somewhat obscure, but it 
is probable that both electric and magnetic effects are due 
to the propagation of some state of stress through a medium 
known as the luminiferous ether {see below). 

5. Radiant Energy. — The process by which heat passes 
from one body to another, not in contact with it, as from 
the sun to the earth, or from a fire to the opposite end of a 
room, is termed radiation. This radiation, though often 
conveniently spoken of as *^ radiant heat," is not in itself 
heat, but if it falls upon an ordinary surface which absorbs 
it, it is converted into heat. " Radiant heat " is believed to 
consist in a vibratory or wave motion of the Imniniferous 
ether, a substance unlike any ordinary form of matter, which 
is supposed to fill all space. -The evidence for this belief is 
briefly that radiant heat appears to be of the same nature as 
light, for both travel in straight lines, with the same velocity 
(when the sun is eclipsed, for instance, its heat and light are 
both cut off at the same instant), both are similarly affected 
by mirrors and lenses (as shown in the case of an ordinary 
*^ burning glass"), and both are subject to the same laws of in- 
terference and polarisation : — phenomena which will be found 
described in works on Light. Now, it was formerly imagined 
that light consisted of a great number of small particles shot 
out from a luminous body in all directions, and reflected at 
smooth surfaces like elastic balls. This corpuscular theory 
was favoa»*ed by Newton, and he was able to explain by it the 
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known laws of reflection and refraction of light. In order to 
account for the refraction or bending of a ray of light out of 
its straight course, when it passes from one medium to an- 
other, he was obliged to assume that light travels faster in 
dense media (like glass or water), than in rare media (like air.) 
Foucault, however, has proved experimentally that the re- 
verse is actually the case ; the velocity of light in water 
being less than in air. This fact, together with the failure 
of the corpuscular theory to satisfactorily explain many of 
the observed phenomena of light, has led to the overthrow 
of Newton's theory, and to the establishment of the wave 
theory propounded by Huyghens in 1672, and supported 
by Thomas Young, Euler, and others, according to which, 
light is regarded as consisting of a series of waves (see p. 127) 
set up in the ether by the vibrations of molecules of matter. 
There are many considerations which lead us to believe that 
COLOUR depends upon the lengths of these wave?, which are 
in all cases very small, ranging from about -0000167 of an 
inch in the case of violet light to '0000266 of an inch in the 
case of red light ; beyond these limits there are, however, smal- 
ler and larger waves, which can produce chemical and heating 
effects, but which do not produce the sensation of light. 
From the recent experiments of Hertz and others on electro 
magnetic disturbances, it appears that electrical oscillations 
can be produced which have many of the properties of light 
waves ; they are, for example, reflected and refracted in just 
the same way as light, and travel with the same velocity. 
The chief difference between them is that of w^ave-light ; 
these electrical waves (which do not affect the eye, and 
which can pass through certain substances opaque to light) 
being much longer than the waves that affect the eye, 
ranging from 2 or 3 inches to many yards. 

The term radiant energy may be conveniently used to 

K 
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include both li^ht and " radiant heat." The rate at which a 
body radiates heat depends upon the nature of its surface; 
those surfaces which absorb heat most also radiate the best. 
I^amp black absorbs and radiates heat waves well ; polished 
metal surfaces are very bad radiators and absorbers, but 
very good reflectors of heat waves. 

This difference in absorbing power is well seen in Crooke's 
radiometer^ in which four small discs or vanes of aluminium 
covered with lamp black on one side only, are mounted 
upon a pivot in a glass globe from which the air has been 
nearly all removed by means of a pump. When exposed 
to light the black sides of the vanes absorb the radiation 
most, and become warmer ; the air particles striking these 
sides rebound with increased velocity, and the vanes are 
thus driven backward by the greater recoil. 

In the formation of a photographic image we have an 
instance of the conversion of radiant energy into energy of 
chemical separation ; the rays of light falling upon the pre- 
pared photographic plate do work in overcoming the force 
of chemical affinity, instead of being, as in most cases, 
entirely converted into absorbed heat. Another very im- 
portant example of this transformation is to be found in the 
action of green plants on the atmosphere under the influence 
of sunlight (see p. 148). 

References, — Balfour Stewart's Conservation of Energy (Int. Sc. 
Series ; Kegan Paul) ; Tail's Recent Advances in Phy- 
sical Science] and the same author's Light; see also a 
lecture by Stokes on the luminiferous ether reported 
in Naiare, July 27, 1893 5 ^"^ for theories of mag- 
netic and electrical energy, Lodge's Modern Views 
of Electricity (Nature Series. Macmillan). A de- 
tailed classification of the forms of energy will be 
found in a suggestive paper by Prof. Lodge in the 
Philosophical Magazine for October, 1879, 
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Section II L — Natural Supplies of Energy and their 
Sources, 
I. Fuel and Food. — Among potential forms of energy, 
one of the most important is the energy of chemical separa- 
tion stored up in fuel, or rather in the system consisting of 
ordinary fuels and the oxygen of the air, without which the 
fuel would be of no value as a source of heat and power. 
The food of animals may be regarded as a kind of fuel, for 
however much foods may vary in their nature, nearly all 
foods contain combustible material; that is^ they can combine 
with the oxygen of the air, heat being evolved in the pro- 
cess. They consist essentially of compounds containing 
carbon and hydrogen, combined with a small quantity of 
oxygen, and often with nitrogen. When strong sulphuric 
acid is poured upon lump sugar, a black frothy mass of 
charcoal is left, owing to the abstraction of the oxygen and 
hydrogen by the acid. The combustible nature of fats is a 
matter of common experience, while such foods as bread 
and meat, which we do not so usually regard as combustible, 
may, if previously dried, be readily burned in oxygen. An 
animal takes in ordinary food and air, and burns the food 
by the aid of the oxygen of the air, the hydrogen being 
converted into water, and the carbon mainly into carbonic 
acid gas, whose presence in respired air we can easily 
prove by breathing into a small quantity of clear lime water, 
which will be quickly turned milky (page 57). The peculiar 
nature of the animal organisation enables this process of 
combustion to go on at comparatively low temperatures. 
An animal may, then, be compared with a boiler and steam- 
engine. In the furnace, coal is burned, energy of chemical 
separation disappears, and this energy re^appears in the form 
of heat and mechanical motion. The animal is certainly 
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not adapted for consuming coal, but the transformations of 
energy are of a precisely similar kind, the supply of heat and 
of energy in the form of animal movements being furnished 
by the disappearance of an equivalent amount of energy of 
chemical separation. 

In tracing the energy of fuel and food to its ultimate 
source, we must consider the chemical changes which go on 
in the life of plants — for the food of animals is directly or in- 
directly of vegetable origin, while our commonest form of 
fuel is the remains of a vegetation which once existed upon 
the surface of the earth. Under the influence of solar radia- 
tion, green plants have the power of taking in carbonic acid 
gas and water, forming from these materials organic matter, 
such as starch and sugar, and giving back the excess of 
oxygen, in the free state, to the air. This change may be 
roughly represented by the following equation, though it is 
really much more complex: 

CO2 + HgO = CH2O + O2 

Carbonic Acid Gas. Water. Starch. Oxygen. 

This evolution of oxygen by green plants may be 
easily demonstrated by exposing to sun- 
light a flask (Fig. 43) filled with water, 
saturated with carbonic acid gas, in which 
some fresh green leaves have been placed. 
An inverted test-tube filled with water 
is placed, as shown, to receive the oxy- 
gen, which may be tested by its action 
upon a glowing splinter of wood. 

Owing to this action of plants, the 
accumulation of carbonic acid gas and 
the diminution of oxygen in the atmo- 
sphere, which would otherwise be caused 
by animals, are checked, and the average composition of the 




Fig. 43- 
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air remains practically constant. The production of organic 
matter and oxygen from carbonic acid and water, evidently 
implies the production of a certain amount of potential energy 
of chemical separation. This supply is furnished by the dis- 
appearance of radiant energy. When the solar radiation falls 
upon an ordinary surface, it is all converted into heat, but 
when it is absorbed by green plants, some portion of it is 
converted into energy of chemical separation. It will thus 
be seen that all the energy exhibited by animals, as well as 
all the energy derived from the combustion of wood and 
coal, is ultimately derived from the sun. 

2. A Head of Water.— In this case we have also a supply 
of potential energy due to solar radiation. Under the in- 
fluence of the sun's heat evaporation takes place from the 
surface waters of the earth, and the water vapour rises to a 
height whence it may be condensed as rain or snow, and 
stored in elevated positions, in virtue of which the con- 
densed vapour possesses potential energy. 

3. Tidal Energy. — In using tidal water power, we are 
drawing upon a different source : the tides being, as already 
noticed, due to the attraction of the sun and moon upon the 
surface waters of the earth, and to the earth's rotation 
on its axis. The energy is really abstracted from the 
motion of rotation of the earth, and the rate of this rotation 
appears to be very slowly lessened by the tidal friction, 
which acts like a brake upon the lithosphere. 

4. Winds and durents. — Winds, as we have seen, are 
due to unequal heating of the air by the sun, their directions 
being modified by the earth's rotation. The kinetic energy 
of ocean currents as well as of running streams is likewise 
evidently traceable to the sun. 

5. Internal Heat of the Earth. — The energy manifested 
in the phenomena of geysers and hot springs, volcanoes 
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and earthquakes, and other movements of the earth's crust 
(see ch. v.), is derived from the high temperature of the 
earth's interior, which is gradually becoming cooler. 

6. Electrical and Magnetic Energy. — The supply of 
energy necessary for the production of such electrical mani- 
festations as an ordinary thunderstorm, is derived from 
atmospheric changes, such as winds, and the evaporation 
and condensation of water, which are all the effects of solar 
radiation. That lightning is simply a gigantic electric spark 
(often a mile or so in length) was first proved (in 1751) by 
the well-known kite experiment of PVanklin, in which sparks 
were drawn from the wet string attached to a kite sent up 
into a thunder cloud. The irregular form of lightning, which 
photographs show to be rather sinuous than zigzag, is due 
to the unequal resistance of different parts of the air. 
Thunder is due to the air waves set up by an inrush of 
air particles to fill up the partial vacuum resulting from the 
sudden expansion of the air intensely heated by the passage 
of the current. Since light travels at the rate of 186,000 
miles a second, and sound at the rate of only about 11 00 
feet a second, the distance (in feet) of a thunder cloud may 
be roughly estimated by multiplying this last number by the 
number of seconds interval between the appearance of the 
flash and the sound of the thunder. The beautiful coloured 
luminous displays, known as the aurora borealis (or northern 
lights), appear to be produced by electrical discharges in the 
rarefied upper strata of the air (usually from about 45 to 
100 miles high), just as similar luminous effects on a 
small scale are seen when electric discharges are pro- 
duced in a Geissler or vacuum tube containing rarefied 
gases. 

The magnetism of the earth itself, which causes a freely 
suspended magnetic needle to set iri a I^. ar^d S. direction. 
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is probably largely due to electric currents maintained by the 
earth's movement of rotation. 

7. Origin of the Sun's Heat— It will be seen from the 
above that the main sources of terrestrial energy are the 
earth's own store of internal heat, its movement of rotation, 
and (most important of all) the supply of radiant er4ergy 
which it constantly receives from the sun. 

The heat energy of the sun itself is most probably caused 
by its slow contraction due to gravitation, the energy of 
visible separation being converted into molecular motion. 
It has been calculated that a decrease of the sun's diameter 
of about 220 feet a year, or rather more than four miles in a 
century, would be sufficient to maintain the present supply 
of heat. 

References, — Works mentioned on page 146, and the relevant portions 
of Tail's Thermodynamics, 



Section IV, — Degradation of Energy, 

1. Tendency of Potential Energy to become Kinetic— 

A consideration of the various examples which have been 
given of the transformations of energy leads to the conclusion 
that there is a constant tendency for all systems to increase 
their kinetic at the expense of their potential energy ; the 
raised mass of snow ultimately falls as an avalanche ; the 
head of water gives rise to the running stream or waterfall ; 
the coiled spring unbends and does work; the separated 
atoms rush together in chemical combination, and so on. 

2. The Ultimate Form of Energy. — It will be further 
seen that the ultimate form assumed by the energy in all 
these cases is heat. There is everywhere a continual change 
of other forms of energy into the form of heat, which is pro- 
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duced, as we have seen, wherever visible motion is arrested. 
Now, it was long ago shown by Carnot that mechanical 
work can only be got out of heat, when heat passes /r^;« 
a hotter to a colder body (as in the case of a steam-engine, 
where the heat of the fire passes to the water in the 
boiler and thence to the colder water of the condenser), 
and even then only a portion of the heat is available 
for the purpose of producing work. The heat of 
a body which cannot be further cooled can in no 
wise be changed into any other form of energy. Hence, 
although there is the same amount of energy in a given 
quantity of heat, at whatever temperature it may be, the 
availability of this heat energy, or its power of being trans- 
formed, is not the same in the case of low temperature as 
it is in the case of high temperature heat. Now, the heat 
of a hotter body is always striving to pass to colder bodies 
by the various processes (conduction, convection, and radia- 
tion) by which heat is diffused, so that high temperature 
heat is continually being let down or degraded to low tem- 
perature heat, which cannot be converted back again into 
work. Hence, it follows that the ultimate result of the con- 
tinual conversion of mechanical motion, and of chemical 
and electrical energy into heat motion, will be that, while 
the total quantity of energy in the universe remains constant, 
its quality^ as regards usefulness, or availability for the 
purpose of producing work, will be always deteriorating, 
until finally the whole of its energy will become transformed 
into the unavailable form of universally diffused heat. This 
is Lord Kelvin's theory of the dissipation or degradation of 
energy. 

Eeferences, — Works mentioned on pages 140, 146, also article by Lord 
Kelvin, " The Dissipation of Energy," in FortiiigMy 
Review^ March, 1892, 



CHAPTER V. 

HOW THE MATERIALS OF THE EARTH's CRUST WERE 
FORMED. 

Section I, — Principles of Rock Classification. 

1. The Method of Geology. — The occurrence of sea-shells 
and other remains of marine organisms in rocks, early led 
to the conclusion that the earth's surface had been in past 
times subject to various changes. In the earlier specula- 
tions as to what these changes had been, and how they had 
been brought about, the most wild and fanciful hypotheses 
were suggested, and comparatively little advance was made 
until Hutton (1726-1797) pointed out that the only satis- 
factory method in geological investigation was to work back 
from the seen and known to the unseen and unknown ; that 

if we wish to obtain clear ideas about long past changes on 
our earth's surface we must begin by carefully observing the 
changes of modern times. These changes were first 
systematically investigated and described by Lyell. They 
may be classed as those due to (i.) epigene, or surface 
agencies, by which the materials of the earth's crust are 
worn away; (ii.) hypogene, or underground agencies, produc- 
ing earthquakes, volcanoes, and slow movements of the 
earth's crust. 

2. The Origin of Sandstone and Limestone. — Applying 
Hutton's principle to the problem of determining the history 
and origin of the common rock-masses, of which the surface 
portions of our earth are composed, we must first e^^amir- 

153 



154 THE EARTH. 

into the nature and composition of each rock material, and 
then try to find out if any similar material is being produced 
by known processes at the present time. 

If we examine a block of common red sandstone, we 
shall find that it is principally composed of grains of quartz 
cemented together ; probably it will contain bits of mica, 
and partly decomposed felspar as well; all the particles 
having the appearance of being more or less rounded and 
worn ; in many^ cases a little pressure in the hand will be 
sufficient to crush the rock into a mass of reddish sand ; 
but, in other cases, prolonged boiling in strong hydrochloric 
acid may be necessary to attack and loosen the cement 
which binds the grains together. Most commonly this 
cementing material is found to be a sort of iron rust (red 
oxide of iron), which, being dissolved by the acid, leaves a 
mass of whitish sand, just like the sand of a modern sea- 
shore. Sometimes the cementing material is carbonate of 
lime, in which case the rock effervesces when placed in 
acid. If we next examine the appearance and structure of 
the sandstone on a larger scale, as it occurs in a quarry or 
cliff, we notice that it has a well-marked bedded, or 
stratified arrangement (3 in Fig. 44), and in some cases we 
may find that it contains fossils^ or the traces of animal or 
vegetable organisms which have got buried in it. Now, in 
the sand of the sea-shore or of a river-mouth, which we can 
observe being formed at the present day, we find all these 
characters: it is composed of rounded grains, mainly of 
quartz; it is arranged in layers; and it often contains animal 
and vegetable remains. It is true that the sandstone of the 
quarry is firmer and more compact ; but, even in the same 
quarry, we may find a transition from very hard stone to a 
much less coherent material ; and we know that loose and 
incoherent substances may be compacted into firm and 
solid masses, both by mere pressure, and by the infiltration 
:?f wat^r containing cementing materials in solution ; for we 
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find that beds of oyster-shells and other loose materials get 
converted into a solid mass by an infiltration of calcareous 
cement deposited from water just in the same way that car- 
bonate of lime is deposited in limestone caves (p. 122). 

Since, then, the modern sand material is always seen to 
result from the wear and tear of pre-existing rock-masses by 
rain, frost, rivers, or the waves of the sea, which break away 
fragments of rock, and by constant friction grind them down 
into small more or less rounded grains, which are ultimately 




Fig. 44. 

deposited as a sediment, we conclude that the rocks of a 
sandstone quarry were at one time formed and arranged in 
layers by moving water in a similar way. The planes of 
stratification, due to successive layers of deposition, may be 
either flat and regular, when the beds have been deposited 
in water disturbed by no rapid tides or currents ; or irregu- 
lar and inclined, as shown in the upper part of Fig. 44, 
when the beds have been laid down in water exposed to 
the action of changing currents. Whep the str?\ta have 
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been laid down in shallow water, surface tnarkingSy such as 
ripple-marks, sun-cracks, rain-prints, and markings left by 
animals, are often found upon their bedding surfaces. These 
structures afford additional evidence of the sedimentary 
origin of the rocks. On examining the structure of the 
rocks in a limestone quarry (i, Fig. 44) we shall probably 
notice a similar stratified arrangement of the materials, 
suggesting that it too has an aqueous origin. Now lime- 




Fig. 45. 

stone is, chemically, carbonate of lime, and the only way in 

which we find deposits of this substance being formed on a 

very large scale at the present time is by the process in 

which various marine organisms, such as the coral polype^ 

abstract the dissolved lime compounds in sea water, and 

.construct therewith a hard calcareous skeleton or shell. 

?n the organisms die their soft parts rot away, but the 

shells or skeletons (partly broken up by the action of the 

55, and a good deal compacted together by pressure and 
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the infiltration of water containing cementing material) re- 
main to form rock-masses, like the Great Barrier Reef which 
stretches for more than looo miles along the N.E. coast of 
Australia 

Hence we are led to think that the limestone of our 
quarry may have had a similar organic origin, and this sup- 
position is soon confirmed by an examination of polished 
slabs or weathered specimens, which reveal the presence ot 
undoubted corals, shells, sea-lilies, and other organisms, not 
perhaps exactly like those now existing, but sufficiently like 




Fig. 46. 

them to leave no doubt as to their relationship. Such 
weathered corals are shown in Fig. 45, while Fig. 46 repre- 
sents the stems of sea-lilies (crinoids or encrinites) in a 
block, partly weathered and partly polished, of " encrinital 
marble." The way in which this natural dissection of the 
rock results from exposure to the weather will be sufficiently 
clear, when it is remembered that rain water, owing to the 
presence of carbonic acid in solution, has a considerable 
power of dissolving limestone, and that the more crystalline 
calcite of the unbroken coral or crinoid resists the solvent 
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action better than the more granular portion of the rock, 
formed of their comminuted fragments. 

In many cases too, where the unaided eye is unable to 
detect in limestones any traces of such organisms, a micro- 
scopic examination of thin slices of rock, or (in the case of 
soft chalk) of the washings of the powdered material, reveals 
the presence of innumerable small shells oi foraminifera^ 
such as are now found to be accumulating to form the 




Fig. 47. Foraminifcral Limestone (highly magnified.) 

calcareous oozes of the deep sea (Fig. 47). Limestone, then, 
is usually an organically formed 2X^tQW% rock, while sandstone 
may be said to be mechanically formed. Limestones rede- 
posited from solution as stalagmite or tufa, in the manner 
described on page 122, are chemically formed ^(\\ito\\^ rocks. 
3. The Origin of Basalt and Granite. — On examining 
'**-^ BASALT ROCKS of FingaFs Cave or the Giant's Causeway 
48) we observe characters quite distinct from those of 
rocks we have been considering. They are not 
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arranged in regular layers or strata, but present the appear- 
ance of roughly hexagonal columns ; they contain no fossils, 
and when examined in thin sections under the microscope 
are seen to be composed of a mass of small crystals with 
sharp angles, not having the appearance of being water-worn 
like the grains of a sandstone (see Fig. 49, representing the 
microscopic structure of a basalt, composed of crystals of 
(i) augite, (2) olivine, (3) felspar). Similar six-sided 
columns are to be found in the lava streams of volcanoes, 
such as Vesuvius or Etna, where they result from the con- 
traction, on cooling, of the molten material. These lavas, 
moreover, are composed of similar materials, and present 




Fig. 48. 

under the microscope a crystalline structure just like that of 
the basalt. We may, therefore, conclude that it has had a 
similar volcanic origin. This conclusion is confirmed by 
the fact that artificial basalts have been produced by 
Fouqu^ and Levy by prolonged fusion and slow cooling of 
the powdered minerals of which basalt is essentially com- 
posed : while we have a further proof of the former highly 
heated condition of the basalt in the alteration sometimes 
found to have been produced by the action of the heat upon 
neighbouring rocks, coal, for example, having been con- 
verted into a cindery or sooty material, and clay baked intr 
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a kind of porcelain. The rocks of a granite quarry pre- 
sent features somewhat similar to those of basalt. They 
are not stratified, they do not contain fossils, and they are 
composed of crystals of felspar, mica, and quartz, as already 
noted. Hence, we are led to think that granite is also an 
igfieous rock, even though we are not able to find any ex- 
amples of granite being actually formed at the surface of the 
earth in modern times, and though all attempts to artificially 

produce a rock like granite 
in the laboratory have so 
far failed. Many of the 
older geological writers 
maintained that granite was 
an aqueous rock, deposited 
as a crystalline precipitate 
from the earth's primordial 
hot ocean, but Hutton 
showed that in the High- 
lands of Scotland, granite 
Fjg^g, veins were seen traversing 

other rocks and altering them, thus conclusively proving 
that the granite was younger than the rocks it had pene- 
trated, and that it had 
been injected into crevices 
when in a highly heated 
state. The crystalline 
structure of granite [see 
Fig. 50, representing the 
microscopic appearance 
of a granite, composed of 
crystals of (i) quartz, (2) 
felspar, (3) mica] is much 
coarser than that of basalt, 
and it is proved by experi- 
ments that when a lava 





Fig. so. 
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cools quickly, it forms a glassy mass with very little crystal- 
line structure, but that when cooled very slowly it becomes 
more coarsely crystalline. 
Hence we conclude that 
granite has cooled and 
consolidated very slowly, 
probably at great depths 
below the earth's surface, 
its present appearance at 
the surface being due to 
subsequent upheaval, and 
to the wearing away of the 
superincumbent rock by 
the destroying agencies of 
rain, frost, and running ^^s- si- 

water, which will be considered in the next section. 

Since such glassy lavas as obsidian and pitchstone have 
practically the same chemical composition as granite, it 
seems likely that, if we could trace these lavas deep down 
into the interior of a volcano, we should find them passing 
into rocks of granitic type. Figure 51 represents the ap- 
pearance under the microscope of an obsidian, showingthe 
flozv-structured\itio\h.Q movements of the viscid mass, in which 
the small lath shaped crystals (microliths) have been carried 
along so that their long axes are more or less parallel to one 
another, and the perlitic structure due to the formation of 
curved joints or cracks as the material contracted on cooling. 
The incipient forms of crystallisation seen on the left of the 
figure are known as crystallites ; the bands of crystallites 
are often seen to spread out round previously formed larger 
crystals. Some of the crystallising material has separated 
from the glassy magma in the form of small globular ag- 
gregations (possessing a fibrous structure) known as sphaeru^ 
lites, (This figure, as well as figures 49 and 50, is copied 
from Fouqu^ and L^vy.) 
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A like examination of other rocks leads to the conclusion 
that nearly all the rocks of which the earth's crust is composed 
can be classed either as aqueous or as igneous. The aqueous 
rocks as a class are for the most part stratified, non-crystal- 
line, and fossiliferous ; the igneous rocks are usually 
unstratifiedy crystalline and unfossiliferous, 

Hejerencea. — Prof. A. H. Green, PhysiccU Geology (Longmans), 

chapters ii. and iv. 
Sir A Geikie, Geological Sketches (Macmillan). 
Sir C. Lyell, Principles of Geology (Murray). 
For the microscopic structure of rocks TeaU's British 

Petrography (Dulau & Co.) is the standard English 

work. 
An Interesting lecture, by A Renard on The Artificial 

Production of Volcanic Bocks, will bs found in 

Nature xxxix. (1889), p. 271. 

Section IL — Denudation and Deposition, The Aqueous Eocks. 

1. Classification of Denuding Agencies.-^It will be 
necessary to consider a little more in detail the surface 
agents of change now at work in modifying the earth's 
crust. The process by which the surface of the ground is 
broken up or disintegrated and the fragments removed is 
termed Denudation. Deposition is the laying down of the 
material thus removed. The principal agents of denuda- 
tion (acting in conjunction with gravity) are (i.) air and rain, 
(ii.) running water, {^\\,) frost and ice, (iv.) the sea. The first 
three are sometimes grouped under the head of sub-aerial 
or atmospheric, as contrasted with marine denudation. In 
briefly considering the action of these various denuding 
agencies it will be convenient to regard the action in each 
case as consisting of the three separate processes of erosion, 

TRANSPORT, and DEPOSITION. 

2. Geological Work of Bain and fiivers. — The mechani- 
cal action of rain as an agent of erosion is strikingly seen 
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in the formation of earth pillars (Fig. 52), due to the con- 
tinued wasting away ^^-,37- ,_ ^^ 
of comparatively soft 
strata containing 
hard stones, which 
throw off the rain- 
drops and thus pro- 
tect the mass be- 
neath. Rain also 
acts chemically upon 
rocks by dissolving 
soluble material, as 
we have already 
learned in the case 
of limestone. When 
rain, after sinking into porous soils and rocks, meets a stratum" 
of impervious material like clay, it is usually thrown out in the 
form of springs (Fig. 44, S), and, when the slope of the beds 
is favourable, the lubrication of the clay surface, and con- 
sequent undermining of the upper porous strata, often leads 
to the production of landslips. 

The disintegration of rocks is often aided by the action of 
plants^ whose roots, penetrating into joints and crevices, act 
like wedges in forcing them asunder; plants also furnish certain 
acids by their decay, and thus increase the chemical action of 
rain on rocks. ^ On the other hand a coating of turf or moss 
often serves as a protection against the mechanical action of 
rain and rills. We may note here the action of heat and 
cold, which, in countries subject to great extremes of 
temperature (as in the rainless plateau region of Western 
America with a daily range of 80° F.) leads to much fractur- 
ing and crumbling of rock masses, owing to sudden ex- 
pansion and contraction. Wind, too, in exposed situations, 

^ See Humus Acid^iy by Alexis Julien, in Proc. American Assoc, for 
the Advancement of Science. 1879. 
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plays a not unimportant part in modifying surface features, 
the isolated blocks and pinnacles of rock, such as are to be 
found in large numbers in the millstone grit district of 
Derbyshire and Yorkshire, being mostly the work of wind- 
blown sand. 

The erosive work of streams and rivers is largely due to 
the friction of the materials driven by the current against 
the sides and bottoms of water courses. This erosion is 
largely increased in times of flood, when the scour is often 
very great, and the channel of the stream is correspondingly 
deepened. Vertical holes, called "pot-holes," often of great 
size, are worn out, even in the very hardest rocks, by means 
of stones kept in whirling motion by the action of the 
current ; and the frequent occurrence of such pot-holes at 
considerable heights above the present level of the stream, 
proves that the formation of the steep-sided valleys or gorges 
so frequent in the upper or torrent portions of river courses, 
is mainly due to the action of the running water and the 
moving stone, and not (as was formerly imagined) to the 
work of subterranean forces, which forcibly rent the rocks 
asunder; though it may be that in the formation of such 
colossal trenches as the caiions of Colorado, underground 
movements have had some share. In the recession of a 
waterfall by the undermining of the ledge of rock over 
which the water flows (as in the case of Niagara) we have a 
very common origin of steep-sided or U-shaped valleys. 
Where the rocks are comparatively soft and the climate 
more or less humid, valleys are generally broad and open, 
or V-shaped, owing to the wearing down of the sides by 
rain and rills. As transporting agents, rivers remove 
both their own and other debris. The amount of material 
carried by rivers both in suspension and solution is greater 
than we should at first sight imagine : thus it has been 

Mmated that the Mississippi carries every year 15 million 
^ of material in invisible solution, and 383 million tons of 
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visible suspended matter into the sea. This enormous amount 
of material evidently comes from the ground drained by the 
Mississippi river, whose basin is thus being slowly worn away. 

Since the carrying power of a stream varies with its 
velocity, the matter carried in suspension is dropped when 
the velocity is checked, and deposition takes place. Thus, 
where a river leaves the mountains and enters a more level 
region, a fan-shaped mass of sediment, or aUuvium, is usually 
found, and when a river enters a lake or the sea it frequently 
deposits much of its burden of gravel, sand, and mud, in 
the form of alluvial bars and deltas (so called from their 
shape, like the Greek letter A). We have examples of this 
action, on a very large scale, in the deltas of such rivers as 
the Mississippi and the Ganges, the former having an area 
of more than 12,000, and the latter of, probably, 50,000 
square miles. Of deposits, largely due to the action of wind 
and rain, we may note the grozvth of dust and formation of 
ordinary vegetable soiL This soil is formed, partly by the 
crumbling and decay of the solid rock beneath (hence its 
variation in composition according to the character of the 
rocks from which it is mainly derived), partly by the accumu- 
lation of wind-borne sand and dust, and partly by the decay 
of vegetable matter. ^ Darwin has shown that the formation 
of vegetable mould is largely due to the action of common 
earthworms. ^ According to Professor Drummond, the white 
ants in Central Africa produce similar effects, large quantities 
of material being brought to the surface to form their hills, 
which are ultimately washed down by the violent rains. 

Wind-blown sand occasionally accumulates to form great 
dimes, which, on the coast of Holland, sometimes attain 
a height of 250 feet. (For chemical deposits, due to rain and 
streams, see chapter iii., section 4.) 

1 See Dust and Soils, by Clement Reid. Oeol, Mag, April, 1884. 

2 Darwin : The Formation of Vegetable Mould throiigh the Action of 
Earthtcorms, (Murray.) 
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3. Ice Action. — The action of frost in causing the 
fracture of rock-masses has already been mentioned (p. 52). 
Its effects are seen in the jagged peaks and narrow points 
(aiguilles) of many mountain summits, and in the great piles 
of angular fragments (known as screes) often to be observed 
at the foot of mountain slopes and precipices. Ice acts also 
in a very striking manner by means of glaciers. In places 
where the mean annual temperature is below o* C. the 
condensed atmospheric moisture falls chiefly as snow, much 
of which remains unmelted throughout the year. A line, 
termed the snow-line, can be traced, above which the 
summer heat is insufficient to cause the disappearance of 
the snow accumulated in winter. In Spitzbergen it comes 
down to the sea level, in Norway it is 6000 feet high, in the 
Alps nearly 9000, and in the Andes 15,000 feet above the 
sea. The snow-covered regions above the snow-line are 
drained partly by huge falls of snow or avalanches, but 
chiefly by means of ice rivers, or glaciers. The loose fallen 
snow gradually assumes a granular structure forming a more 
or less compact mass known as nevi or firn. The weight 
of the upper layers of snow in the nev^, together with the 
freezing of water, thawed at the surface and filtered down, 
converts the lower part into solid ice, which usually shows 
a veined structure. This ice then moves slowly down the 
valleys, the middle and top moving faster than the sides 
and bottom, where there is more friction. By means of a 
row of stakes erected across the glacier, which gradually 
assume a curved form owing to the more rapid movement 
of the central ice, this slow movement can be observed and 
measured. The Mer de Glace moves 33 inches in 24 hours 
in summer, and about 18 in winter. The exact causes of 
glacier motion have been much debated amongst physicists. 
A glacier moves like a plastic body, but until recently, 
experiments had not shown a true plasticity in hand speci- 
mens of ice. The recent experiments of Messrs. M*Connel 
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and Kidd have proved that while homogeneous ice is not 
plastic, ordinary glacier ice, which consists of a conglomerate 
of crystal grains of varying size, yields gradually like a vis- 
cous body to the continued action of stresses applied in 
certain directions. ^ 

When a level is reached where the melting of the ice is in 
excess of the supply (in the Alps at about 5000 feet above 
sea level) the glacier terminates in a muddy stream. In 
more northern regions the glaciers may flow down to the 
sea, where fragments break off forming icebergs. In both 
cases, the snow which originally came (in the form of water 
vapour) from the ocean is restored to it. 

During the descent of a glacier, fragments of rock from 
crags and cliffs accumulate on its sides to form fringes of 
angular blocks of all shapes and sizes termed lateral 
moraines. When two glaciers unite, the left lateral moraine 
of the one joins with the right lateral moraine of the other 
to form a medial moraine. Many of these fragments fall 
through fissures or crevasses (caused partly by the irregularities 
of the bed of the glacier and partly by the unequal rate of 
motion of the ice in different parts), and becoming embedded 
in the base of the ice, are crushed and ground against the 
hard rocks of the glacier bed, which thus become smoothed 
down, scratched, and striated, and sometimes polished. 
Rounded bosses of rock thus produced are termed roches 
moutonnees. The fragments themselves also become grooved 
and polished. When the glacier terminates, the transported 
materials, which have been gathered from a large area^ are 
thrown down over a small area in the form of crescentic 
mounds of rough debris, known as terminal moraines. 
The finer mud and sand are carried away by the river 
which flows from the end of the glacier, and deposited 
elsewhere. 

If the climate of a glacier region becomes warmer, so that 
1 See Nature.. Dec. 27, 1888. Vol. xjjxix, 
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the glaciers gradually melt, some of the large stones borne 
upon its surface may get stranded on the side of the valley 
as the level of the ice sinks, forming the perched blocks or 
erratics^ which, together with the occurrence of other marks 
of glacial action (such as moraine heaps, polished and 
scratched surfaces, etc.), enable us to infer the former ex- 
istence of glaciers in regions where the ice has long since 
disappeared. For example, upon the slopes of the Jura moun- 
tains, which are composed mainly of limestone, there are 
scattered erratics of granite, gneiss, and other rocks, which 
can be traced to their source in the Alps 50 miles away. It 
was formerly imagined that a great flood of water had carried 
them across the broad central strath of Switzerland, or that 
they had been conveyed by floating icebergs, but these 
theories would not account for the definite arrangement of 
the deposits^ in the order which ought to pre^ml (as was first 
shown by Guyot) if they had constituted the moraines of 
ancient glaciers much larger than those now existing in the 
Alps. Fig. 54 represents one of the perched blocks of 
the extinct glacier of the Rhone. 




Fig. 53. 



In the glacier-garden of Lucerne (Fig. 53) we have (to 
take one example out of many) in the polished and scratched 
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surfaces of the rock, and in the deep pot-holes formed by 
the swirl of the waters falling down some • crevasse, other 
evidences of the former great extension of the Swiss glaciers. 
Similar indications 
have been found r j ^ 
in Scotland, Wales, 
and the North of 
England (as well as 
in other northern 
countries); all this 
proves conclusively 
that there was a 
period (often known Fig 54. 

as the Great Ice Age) when glaciers existed in these areas. 
The moraine heaps and perched blocks of the Pass of Llan- 
beris, and the domes of polished rock in Borrodale and 
other parts of the Lake District, are well known instances 
of these memorials of the Ice Age in Britain. Many geolo- 
gists maintain that not merely local glaciers, but a huge 
ice sheet, such as now covers nearly the whole of Greenland, 
once extended over a large part of this country, and that the 
tough, unstratified clay (known as "till" or "boulder-clay"), 
containing smooth and striated stones scattered confusedly 
through it, was formed as a ground moraine of this ice- 
sheet.^ 

4. The Sea as a Geological Agent. — ^The erosive work of 
the sea is mainly performed by means of its waves ^ aided by 
the loose detritus (largely furnished by subaerial denuda- 
tion), which is made use of as a sort of artillery to batter 
down portions of the cliffs. The annals of many places tell 
us how the ocean is thus making slow but sure inroads upon 
our coasts : many towns and villages on the east coast, for 
example, such as Ravenspur (where Bolingbroke landed in 

1 See a suggestive paper, by Mr. J. E. Marr, on Tht Worh of Ice- 
sheets in Geological Magazine, April, 1887, 
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1399), in Yorkshire, and the old town of Cromer, in Norfolk, 
have long since disappeared beneath the waters of the 
German Ocean. 

The RATE at which the cliffs recede depends upon (i) tlie 
energy toith which the waves attack the landy and (2) the 
resistance which the land opposes to the waves. The form of a 
COAST LINE is to a great extent due to the variation of this rate 
at different places, the harder rocks standing out as promon- 
tories, the softer being worn into bays and coves. The 
encroachment of the sea upon the land in Britain is greatest 
on the east coast, because, although the west coast is more 
exposed to the open sea, the older rocks of much of our 
western shores are harder and better able to withstand the 
attacks of the waves. On the south part of the Yorkshire coast 
there is an average waste of 2^ yards annually. In some 
places, as in the Fenland, there is reconstruction of land by 
the silting up of bays and estuaries : the land thus formed is 
for the most part low and marshy. 

The sea acts as an agent of transport by its waves, tides, 
and currents. The coarse detritus is deposited near the 
shore, while the finer material is carried out to sea, not 
often, however, to any very great distance. The deposits 
found in the sea may therefore be classed as (i.) terrigenous 
and shore deposits (sands, gravels, and muds), formed both in 
shallow and in deep water, near the shores of continents, 
seldom extending beyond two or three hundred miles, (ii.) 
Pelagic or oceanic deposits, mainly of organic origin, formed 
in deep water remote from land. The chief varieties of these 
deep sea deposits are — 

{a) Ghbigerina ooze (300 to 2250 fathoms), consisting almost entirely of 
the shells of minute calcareous organisms, such as the globigerina 
and other foraminifera (fig. 55), which live in countless numbers in 
the surface waters, the shells sinking to the bottom when the 
animals die. 

(d) Red clay (below 2250 fathoms), probably in part of volcanic origin, 
and partly representing the insoluble residue of organisms, after \\\^ 
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carbonate of lime has been removed by solution before they can 
reach such great depths. 

(c) Radidarian ooze, in the deepest parts of the Pacific, partially com- 
posed of the siliceous skeletons of radiolaria. (Fig. 56.) 

{a) In Polar regions deposits of siliceous dicUoms largely replace the 
globigerina ooze of warmer areas. 





Fig. 55. 



Fig. 56. 



5. Classification of tlie Aqueous Bocks.— It has been 
shewn, in the first section of this chapter, that the aqueous 
rocks may be classified according to their origin, some 
(such as sandstone and gravel) having been formed by the 
mechanical action of moving water ; others (as coral lime- 
stone, etc.) by the action of organisms ; others (as tufa) by 
chemical precipitation. We may also group them according 
to their composition, some being mainly composed of 
sUceotiSy some of calcareous^ and others of argillaceous 
materials. The following table shows the general character 
of the more common stratified rocks. The classification of 
strata according to their relative age will be considered in a 
later section. 

/?f/ere«ce».— Green's Physical Geology y ch. iii. and iv., The Earth's 
History (Murray), by Dr. R. D. Roberts; The Cruise 
of the ChaJlengery by Dr. J. Murray (Manchester Science 
Lectures, 9th Series), and the larger Challenger Reports, 
especially, " Report on the Deep Sea Deposits," by 
Murray and Renard (Eyre & Spotliswoode), 
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Section IIL — Volcanoes and the Igneous Rocks, 

I. Volcanic Phenomena. — A volcano is, primarily, a 
vent, or assemblage of vents, communicating with some 
highly heated portion of the earth's crust, through which 
materials in a molten or fragmentary condition have been 
ejected to the surface. These materials have usually 
accumulated to form a more or less conical hill or mountain 
termed a volcanic cone, at or near the top of which is an 
orifice termed the crater ("cup ")• The activity of a volcano 
manifests itself in the emission of various heated materials 
either from the crater or from a fissure opening in the side 
of the cone. This activity may be either constant or inter- 
mittent. Stromboli, in the Lipari Isles, appears to have 
been in a perpetual state of eruption ever since the earliest 
historical times, and, as the action in this case is not usually 
very violent or dangerous, the volcano has been often visited 
and the phenomena of its eruptions carefully observed. 
Looking down into the crater of this volcano (which is 
situated looo feet below the apex of the cone) one sees 
that the black slaggy bottom of the orifice is traversed by 
fissures, and within some of the larger of these openings a 
viscid material can be observed in violent motion. From 
time to time the movement increases until a great bubble or 
blister, is formed, which suddenly bursts with the production 
of an explosive outrush of steam, together with slaggy 
fragments which are hurled some hundreds of feet above the 
crater, and often fall on to the slopes of the cone. Many 
of these fragments, when examined, are found to be glowing 
and in a pasty condition. Sometimes, as in June, 1891, 
there follows an outflow of molten lava^ which streams down 
the mountain sides into the sea. The steam, condensing in 
globular masses, forms a cloud canopy above the mountain, 
which varies in appearance according to atmospheric con- 
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ditions, and this canopy reflects the glow of the Incandes- 
cent lava at the bottom of the crater (just as the glow of the 
furnace is reflected in the steam cloud issuing from a loco- 
motive engine), thus giving rise to the periodic illumination 
of the cloud, often erroneously attributed to actual flames, 
which has earned for the volcano the title of the " Light- 
house of the Mediterranean." 

In the more striking but less frequent eruptions of such 
volcanoes as Vesuvius or Etna we have practically the same 
series of phenomena on a much grander scale. Thus, in the 
eruption of April, 1872, of which an account has been given 
by Palmieri, the sides of the mountain were rent by fissures, 
from which, as well as from the crater, enormous volumes of 
steam were ejected in a series of explosive bursts, together 
with great quantities of solid material ; the vapours and rock 
fragments being thrown to a height of nearly four miles 
above the crater. At three principal, and many minor vents, 
the lava rushed out and flowed down the mountain sides, 
destroying villages and houses ; great volumes of steam 
escaped from the congealing lava and forced it into great 
bubbles and blisters like miniature volcanic cones. Within 
the column of ascending dust and vapour, electricity was 
generated, which produced the effects of thunder and 
lightning, while the condensation of the enormous volumes 
of steam led to the production of torrents of rain. 

The enormous energy of volcanic action manifests itself 
most strikingly in the great paroxysmal eruptions which 
usually follow long periods of quiescence. Perhaps the most 
remarkable of all recorded eruptions was that of the Island 
of Krakatoa, in the Sunda Strait, in 1883, which occurred 
after a repose of 200 years. The eruption, preceded by 
earthquakes in 1880, began on May 20th, and the noise of 
the explosions was heard in Batavia, 100 miles away, while 
the volcanic dust was carried to a distance of 300 miles. 
The activity continued until the end of August, when it 
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culminated in a series of tremendous explosions, by which 
the island was largely destroyed, the contour of the sea-bed 
entirely changed, and the Sunda Strait rendered for a time 
impassable. Enormous sea waves swept over the coasts of 
Java and Sumatra, producing great destruction and loss of 
life, and the greatest of these waves appear to have been 
observed over half the globe, affecting even the tide 
gauges of our own coasts. The air tvaves produced by the 
sudden expansion of the erupting gases affected the baro- 
meter all over the globe, and seem to have even travelled 
seven times backwards and forwards round the world (com- 
pleting the circuit of the globe in 36 hours), while the actual 
sounds were heard over an area of y^ of the earth's surface, 
nearly equal to the area of Europe and Africa put together. 
The cloud of volcanic dust, consisting of fine threads and 
plates of glassy lava, shot up to a visible height, estimated 
at from 12 to 23 miles, seems to have spread through the 
upper regions of the air, remaining suspended for months 
and even years, causing the peculiar red sunsets and other 
remarkable atmospheric phenomena seen shortly after the 
eruption in the equatorial regions, and, subsequently, 
observed all over the world. 

2. Volcajiic Products. — It has been estimated that 
Tinnr ^^ ^^^ gaseous products of an eruption consist of 
steam; but other gases, such as hydrochloric acid, sulphurous 
acid, sulphuretted hydrogen, etc., are also generated, and 
by their action upon each other and upon the constituents 
of rocks with which they come in contact, produce deposits 
of sulphur, specular iron, gypsum, etc. Some of the gases 
emitted are combustible, and being ignited by the heat, 
burn with feebly luminous flames; such flames do not, 
however, as popularly imagined, form a conspicuous feature 
of volcanic eruptions. The molten rock or lava, already 
mentioned, is at a white heat when first issuing from the 
volcano, but it soon cools upon the surface and assumes a 
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cindery aspect, while often remaining red hot for months or 
years below. Some lava streams are of great size, as that 
of Skaptar YokuU in Iceland (1783), estimated by Bischoff 
to have surpassed in magnitude the bulk of Mont Blanc. 
In many cases they flow with great rapidity ; in the eruption 
of Vesuvius in 1805, for instance, a stream of lava is said to 
have rushed down a space of 3J miles in 4 minutes. 
Besides the surface lava streams, much molten rock is in- 
jected into cracks and fissures, forming more or less vertical 
dykes, horizontal sheets or sills, and finer branching veins. 
It is also (as already mentioned) discharged in the form of 
slaggy fragments of all shapes and sizes, the larger pieces being 
known as bombs and scoriae^ and the smaller as lapilli and 
dust The accumulations of these fragmentary materials 
constitute the layers of coarse volcanic breccias and 
conglomerates, and fine compact tuffs and ashes which, 
alternating with the lava streams, build up the normal type 
of volcanic cone (Fig. 57). In some cases cones are formed 
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Fig. 57- 



consisting entirely of fragTnentary materials (as Mont 
Nuovo), and in others (as in the volcanoes of Hawaii) 
enormous flattened cones are built up of flxdd lava only. 
It has been suggested that in former times great flows of 
basaltic lava have been forced from long fissures in the 
earth's crust, without the formation of any actual cones, 
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producing the extensive, practically horizontal, deposits of Col- 
orado, Abyssinia, the Deccan and other districts. ( C/i p. 1 7 3. ) 
3. Proofs of Volcanic Action in Past Geological 
Times. — Whenever a volcano ceases to grow up, it begins to 
be worn down and destroyed by denuding agents. It is by 
the natural dissection of a volcano, due to prolonged erosion, 
that we are able to discover something of its internal 
STRUCTURE as shown in Fig. 57. In the extinct craters of 
the Eifel, Auvergne, etc., many of which now form lakes (as 
shown in Fig. 58, which represents the crater lake known as 
the Weinfelder Maar in the German Eifel), we have ex- 




amples of volcanoes in which the destruction of the cones 
has not proceeded very far, while in the lava flows and ash 
beds of Snowdon and the Lake district, and the basalts of 
the North of Ireland, etc. (already referred to), we have in- 
stances of later stages in the process of decay. In some 
cases the original cones have been completely destroyed, 
and it is impossible to fix their exact sites ; in others, as in 
many of the dome-shaped hills of Central Scotland (Largo 
Law, N. Berwick Law, etc.), we have the filled up cen- 
tral pipes or funnels (necks) of actual cones, mere worn 
stumps of once considerable mountains. 
4. Classification of tlie Igneous Rocks.— The crystal- 
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line rocks produced in connection with volcanoes, consist of 
a mixture of various minerals, chiefly Felspar^ Quartz^ Mica^ 
Hornblende, Augite^ and Olivine. Their chemical compo- 
sition depends upon the relative abundance of the different 
minerals: those, like granite, largely composed of orthoclase 
felspar and quartz, contain over 66 per cent, of silica, and 
are termed acidic ; those, like basalt, composed largely of 
poorly-silicated felspars with no free quartz, have a low per- 
centage of silica (below 55 per cent) and are termed basic. 
Between these two extremes comes an intermediate class 
(with an average of about 58 per cent, of silica). Texture, 
as already noted, stands in intimate relation to conditions 
of consolidation, as well as to composition, and is useful in 
forming subdivisions. Those coarsely crystalline rocks, 
like granite, which have consolidated at great depths, we 
term plutonic, in contra-distinction to the truly volcanic 
lavas which have solidified at or near the surface. The 
table (p. 178) shows the mineralogical composition and 
character of some of the commoner massive Igneous Rocks. 
The different varieties, however, pass into one another by 
insensible gradations ; there is, moreover, a great want of 
uniformity in the nomenclature of these rocks, the same term 
being often used in different senses by different writers. 

5. Distribution of Volcanoes. — There appear to be but 
few parts of the world where volcanoes have not at some 
time or other contributed to the formation of the rock 
masses of which the earth's crust is composed, but the vol- 
canic activity seems to have shifted again and again from 
one part of the earth's surface to another. The existing 
active volcanoes of the world are, for the most part, arranged 
in lines running along the mountain chains bordering the 
continental areas. Thus the Pacific Ocean is almost com- 
pletely encircled by a belt of active volcanoes. Very few 
volcanoes occur at any great distance from the sea. 
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6. Probable Causes of Volcanic ActioxL — Observations in 
deep mines and wells show that below a depth of about 50 
feet ('^ stratum of invariable temperature") the temperature of 
rocks is independent of the seasons, and increases with the 
depth, at an average rate of about 1° F. for every 60 feet 
Hot springs occur in localities far removed from present vol- 
canic action, and some are probably hot in consequence of 
the depth from which they come. From such facts as these 
we are led to believe that the earth consists of a cool en- 
velope surrounding a heated interior , which possesses a high 
temperature, independently of heat derived from external 
sources. A consideration of the shape of the earthy as well 
as of the relation of the earth to other members of the solar 
system (see chap, vi.), tends to show that it was once molten 
throughout, and is now cooling down ; though whether any 
considerable portion of the interior is still in a molten state 
is an open question. 

Now, a cooling body is, in nearly all cases, a contracting 
body, and this contraction on cooling would give a general 
explanation of the causes both of volcanic action, and of 
those earth movements (see section iv.) by which the strata 
have been bent and fractured ; the cool solidified crust hav- 
ing continually undergone a process oi crumpling'xn accommo- 
dating itself to the more rapidly shrinking hotter nucleus 
within. As to the precise manner, however, in which the 
outflow of lava in volcanoes has taken place, there is much 
difference of opinion. Mr. Mallet maintained that the heat 
produced in the crushing of surface rocks, caused by con- 
traction, would be sufficient to liquefy some of the more 
fusible rocks, and thus to form subterranean cavities full of 
molten material ; others hold that the materials kept solid 
by pressure become liquefied when the pressure is from time 
to time removed by the folding and crumpling of the crust ; 
this liquefied lava material may then be squeezed up into 
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fissures by the weight of the subsiding crust in adjoining 
areas. The fact that nearly all active volcanoes occur near 
the sea, together with the presence of water in ejected lavas, 
seems to suggest some necessary connection between the 
presence of water and volcanic eruptions, and as it is pro- 
bable that water can percolate through pores of rock im- 
pervious to steam, it has been maintained that the ascent of 
lava to the surface is determined by the pressure of steam 
formed from water which has thus penetrated to the reser- 
voirs of molten material. In some cases, as in the Ha- 
waian volcanoes, the amount of steam which escapes from 
the lava seems hardly sufficient to warrant the conclusion 
that it has been an essential factor in forcing the lava to the 
surface. The violence of an eruption may, however, largely 
depend upon the more or less explosive escape of steam 
imprisoned or occluded in the molten lava. 

Beferencts, — Prof. J. W. Judd, Volcanoes^ (Int. Science Series) ; Prof, 
E. Hull, Volcanoes, Past and Present (Conlemp. 
Sc. Series), and relevant portions of Sir A. Geikie*s 
Text Book of Geology ; Prof. Grenville Cole's Aids 
in Pra^ticaZ Geology, See also the elaborate report 
on Krakatoa, published by the Royal Society. 

Section IF, — Earth Movements, The Metamorphic Rocks, 

I. Earthanakes. — If one end of a long heavy block of 
wood or metal, resting on the ground, be struck with a 
hammer, it will be observed that while no movement of the 
body as a whole is produced, yet a vibratory motion of the 
molecules is transmitted with great rapidity through the 
block, sufficient to cause a small body, such as a suspended 
bullet or button resting against its far end, to Be thrown off. 
An EARTHQUAKE is produced by a similar transmission of 
waves of elastic compression rapidly traversing a part of the 
earth's crust. Suppose a sudden blow or jar to be pro- 
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duced at o, Fig. 59, then a series of waves will start from o, 

and spread out more 
or lel5S spherically, 
as shown by the 
numbers i, 2, 3; 
over the centre of 
origin, or focus, the 
Fig. 59. shock will be felt at 

the surface as a vertical up and down movement. Reced- 
ing from this epicentmm, the movement becomes more and 
more oblique, as shown by the arrows, until it ultimately 
dies away. The line of emergetice of the wave at any place 
will be, on the whole, perpendicular to the fractures produced 
in buildings. This line intersects the seismic vertical at 
the focus, the depth of which may thus be determined. 
Earthquake centres have in this way been found to occur 
at from 5 to 35 miles below the earth's surface. Earthquake 
waves are not really spherical, because they travel at un- 
equal rates through rocks of different density. Experi- 
ments have shown that elastic waves travel about tw^o miles 
per second through hard rocks, but only half as fast through 
soft sand. Besides the wave of shock transmitted through 
the solid crust of the earth, waves are also propagated 
through the air producing the characteristic sounds of roll- 
ing waggons, or distant thunder, and also, in many cases, 
through the sea, as in the great Lisbon earthquake of 1755, 
when the Tagus rose 40 feet above the ordinary high water 
mark. Earthquakes occur constantly in volcanic regions, 
and the seismic centre appears to be sometimes coincident 
with the volcanic centre ; they also occur in non-volcanic 
areas. Probably, at least, one earthquake occurs every day 
at some part of the earth's surface. The origin of the ex- 
plosion or sudden blow from which an earthquake is pro- 
pagated can only be conjectured. Perhaps the snap and 
jar caused by the sudden dislocation of deep-seated rocks is 



MATERIALS OF THE EARTH'S CRUST. 1 83 

the most frequent cause. Permanent changes of level some- 
times accompany earthquakes, but are not, strictly speaking, 
produced by them. The coast of Chili, for example, was 
raised 3-4 feet during the earthquake of November 1822. 

2. Slow Uplieaval and Depression. — Apart from these 
comparatively sudden changes of level, slow movements of 
the earth's surface are continually taking place in different 
parts of the world. A remarkable proof of such movements 
having occurred within historical times is afforded by the 
ruins of the so-called Temple of Jupiter Serapis, near 
Puzzuoli, a full description of which will be found in Lyell's 
Principles of Geology, The most striking feature of these 
ruins is a row of three marble pillars, about 40 feet high, 
which were formerly buried to a height of about 12 feet in 
soft tuff. Above this height occurs a zone of about 9 
feet, where the marble is perforated by marine boring 
shells, proving a submergence for a long period of time 
beneath the sea, as well as a subsequent re-elevation. 
Other instances, discussed by Lyell, are those of the shores 
of the Baltic, where there seems to be a gradual rise of the 
land over a considerable area, at a rate varying from 5 feet 
in a century, near the North Cape, to only a few inches 
south of Stockholm ; and of the coast of Greenland, where 
it is known that a tranquil depression of land is taking place 
over a space more than 600 miles long from north to south. 
Ancient buildings have been submerged, and experience 
has taught the Greenlander never to build his hut near the 
water's edge. In the raised beaches and old sea caves, far 
above high water mark, which are found at various parts of 
our own coasts, we have proofs of such movements of eleva- 
tion in geologically recent times, while the fact that rocks, 
which were once deposited in the sea, are now far inland 
and even form lofty mountains, shows that elevation to a 
far greater extent has taken place in former ages.^ 

It is quite possible, however, that some of these phenomena may 
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3. Effects of Earth Movements on Bock Masses. — The 

stratified rocks now visible at the earth's surface are seldom 
in their original position. The earth movements to which 
they owe their elevation have also caused them to become 
tilted, contorted, or fractured. When the strata are not 
horizontal the inclination of the beds with a horizontal plane 
is termed the dip, and the intersection of the beds with a 
horizontal plane is termed the strike (German, streic/ien — 
to extend). The strike may also be defined as the lifie of 
outcrop on a level surface^ since it represents the direction in 
which a stratum extends across a flat country, as shown in 
Fig. 60. It will be seen that the direction of strike is at 
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Fig. 60. (The arrow shows direction of {it/.) 

right angles to the direction of dip, so that if the strata dip 
to the east or to the west, they strike in a N. and S. direc- 
tion. It was first shown by William Smith in the early part 
of this century that \ki^ general arrangement of the rock-beds, 
which form the greater part of England, is that of a series of 
layers or strata dipping to the S.E., and, therefore, striking 
from N.E. to S.W. (Fig. 61). 

This inclination or dip of strata results from the undula- 
tions or folds into which they have been thrown, the upper 

be due to changes of the sea level itself, and not to movements of the 
lithosphere. fi'ee Suess, Da% Antlitz der Erde. 
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portions of the folds having been removed by the processes 
of denudation. When these curves are only a few yards 
across they are commonly called contortions, when on a 
larger scale they are known as anticlinal and synclinal 



Fig, 61. — Diagiammaiic section from Snowdon to the North Sea (z) Cambrian and 
Silurian, (2) Old Red Sandstone,(3a) Carboniferous Limestone, (3b) Millstone Grit, 
(3c) Coal Measures, (4) Tria«s, (5) Lias, (6) Oolites, (7) Chalk, (8) Tertiaries. 

curves (Figs. 6i and 62). In an anticline the convex side 
of the curve is uppermost, as in an arch, while a syncline 
has its concave side upwards, as in a trough. In some 








Fig. 62. 

cases earth movements have caused the rocks to be frac- 
tured or broken through, the fracture being accompanied 
by a shift of the beds as shown in Fig. 44. Such a shift, 
sometimes perpendicular, but more generally inclined at 
various angles to the horizon, is termed a fault. Faults vary 
in all possible ways, the amount of shift or fArow being 
sometimes only a few inches, and in other cases hundreds 
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of feet ; while the line of fault may be only a few yards in 
length, or extend for many miles. As a general rule, faults hade 
or slope towards the down-throw side, as in Fig. 44. In a 
reversed fault the hade is towards the up-throw side. In- 
verted anticlinals often pass into these faults. Sometimes 
(as in the Highlands of Scotland) the dislocations take the 
form of nearly horizontal thrust planes along which lower 
bed3 have been pushed (sometimes many miles) upon the 
surfaces of originally higher strata. The movements which 
have brought about the folding and fracturing of rock masses 
have also frequently strained, compressed, and even crushed 
them so as * to lead to the production of various structures 
not present in the original materials. First we may note 
the planes of division known as joints, which in sedimentary 
rocks are usually more or less at right angles to the bedding 
planes. In some cases these joints may be the result of 
contraction in drying or cooling (as in the prismatic jointing 
of basalt already noticed), but in other cases, as where hard 
pebbles are cut through by joints, mere contraction seems 
hardly sufficient to account for them, and they are probably 
due to mechanical strain. 

The cleavage planes along which ordinary roofing slates 
split, that (as shown in Fig. ()2i'> representing vertically 
cleaved slates on the coast of Pembrokeshire) do not coin- 
cide with planes of bedding, have probably been produced 
by great pressure exerted in a direction perpendicular to the 
planes of cleavage; for we find 
that a microscopical examination 
of cleaved rocks, as well as an in- 
spection of fossils contained in 
them, shows that they have always 
been squeezed in this way, while 
Sorby and Tyndall have shown 
experimentally that an artificial 
cleavage can be set up in wax and 
F»g-63- other substances by subjecting 




MATERIALS OF THE EARTH'S CRUST. 1 8/ 

them to great pressure. This rocJc cleavage, produced in fine 
grained materials, such as mud and volcanic ashes, by 
pressure, must not be confounded with the mineral cleavage 
mentioned on p. 73, nor with the lamination of shales, due 
to successive layers of deposition. The term slate (some- 
times loosely applied to these laminated beds) should be 
restricted to cleaved rocks. In some cases, especially 
in violently contorted mountain districts, such as the Alps 
and the Highlands of Scotland, the earth movements have 
so crushed, altered, and deformed the rocks, as to largely 
obliterate their original characters and convert them into 
foliated rocks, their component minerals being re-arranged' 
in lenticular crystalline layers, or folia. The term meta- 
morphism is applied to such extreme cases of alteration, 
and the resulting rocks are termed metamorphic. 

4. The Metamorphic Bocks. — The alteration of rock 
masses by the intrusion of igneous rocks is termed pt/ro or 
contact Tnetamorphism, By its action clays and shales are 
converted into pale flinty rocks known as porcellanites, or 
into darker Lydian stones; sandstone is altered into 
quartzite, a hard compact rock with lustrous fracture, lime- 
stone into crystalline marble, and in extreme cases ordinary 
sediments into crystalline foliated rocks. Quartzites may 
also be formed by the action of infiltrating water upon 
sandstones (hydro metamorphism), and by the same agency 
many igneous rocks become much changed, olivine rocks, 
for example, being converted into serpentine, and vesicular 
lavas into amygdaloidal rocks, so called from their resemb- 
lance to almond toffee. The distinctly foliated rocks known as 
schists and gneisses appear to have been mainly produced by 
the heat and crushing caused by earth movements (dynamo 
or regional metam^orphism). Some have resulted from the de- 
formation of igneous rocks, while others seem to be altered 
sediments. Thus granite becomes altered into foliated 
gneiss, a coarsely granular rock in which the constituent 
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minerals have become re-crystallised or re-arranged in more 
or less definite layers. Finer foliated rocks containing little 
or no felspar are included under the term schist, of which 
mica schist, composed mainly of mica and quartz, is the 
commonest variety. The origin of some of the crystalline 
schists has been much debated, and is still among the 
unsolved problems of geology. 

References,— GrtQiCs PhyskaZ Geology , ch. vii. ; Geikie's Text-Book of 
Geology y book iii. part i. ; Page .and Lapworth, Intro- 
ductory Text- Booh of Geology, 
Milne, EarthquaJces and other Earth Movements, 
(Kegan Paul.) 

Section V. — Tlie Records of the RocJcs, 

1. Determination of the Belative Age of Bocks. — From 
the manner in which the stratified rocks were formed it is 
obvious that when we see one bed resting upon another the 
upper one must in general be the newer of the two* Now 
it has already been mentioned that we have in this country, 
as shown by Wm. Smith, a clear succession of beds dipping 
for the most part towards the south east, the older rocks 
thus come to the surface to the W. and N. as shown in Fig. 
6 1, and form a sort of uneven floor upon which successive 
deposits of newer strata have been laid. Borings for deep 
wells in the east of England have actually proved the ex- 
istence below London of the old rocks which only crop out 
far to the west. Wm. Smith further showed that various 
groups of beds were distinguished by the special character 
of their fossil remains ; in fact, we find a definite order in the 
appearance of life forms, and thus having once determined 
the relative ages of the strata in one district by their svper- 
position, we can afterwards make use of the fossils for cor- 
relating the beds of different districts or countries. 

2. Conformable and XJnconformable Strata. — When one 
series of rocks has been laid down continuously and withou 
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disturbance upon another series they are said to be conform- 

able. When one set of beds 

has been largely denuded be- 

fore the deposition of another 

ser'es the upper set of beds 

is said to rest unconformahhi 

upon the lower ; thus in Fig, 

64, representing a section on 

the coast of Barry Island, we 

have an upper set of bed^ 

(h) known as the dolomitic 

conglomerate^ resting upon the ^^^-'^*' " / 

upturned denuded edges of Fig. 64. 

the carhoniferotLs limestone beds (a). The conglomerate 

represents an old beach deposit, made up of pebbles and 

boulders of the limestone, just like the modern pebble beach 

(c) now in process of formation. 

3. Classification of Strata. — Intheanangement of strati- 
fied rocks into divisions according to their relative age, we 
seek to class together the strata deposited during the same 
set of geological conditions. Great unconformities indicate 
a change in the physical conditions, and are therefore of 
much use in classifying the strata into systems. Similar 
smaller breaks help to form minor sub-divisions (series and 
stages). The classification of rocks into systems by uncon- 
formities can, however, only be a true and natural one for a 
limited area, for it is clear that while there was elevation 
and denudation in one area, sediments must have been 
thereby formed in adjoining areas. Hence no complete 
section is found in any one region. The term formation 
is frequently applied to a set of beds having certain common 
lithological (stony) characters. Thus we speak of the chalk 
formation, the old red sandstone formation. The word zone 
is used to indicate the presence of some special characteristic 
fossil, and it may include a whole formation, or only a very 
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(Separated by some geologists from the Tertiary, as Quaternary or Post 
( Tertiary, 
p. , *-*M.^ ( Includes all superficial formations, such as the alluvial deposits of modem 

riflii'to ene. 1 rivers and lakes, sand dunes, etc., as well as the moraine debris, boulder 

(Most recent.) 1^ clay, < . • - ' ' 

FliQceoe. J Local shel 

( More recent.) . 
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Dligf^Qiue. j Occurs in Hampshire and the Isle of Wight. These beds were formerly 

i¥^'w recent.) ( classed as Upper Eocene. About 400 feet. 
EoDciiE» ?A series of marine and estuarine beds, often very rich in fossils, found in 

(Dawn of the A S.E. England (London Basin), and in Hampshire and Isle of Wight 
recent.) ( (Hants Basin), About 1500 feet. 

[The names Eocene, etc (Greek, Kainos — ^recent), relate to the proportion of 
recent to extinct forms of fossil shells.] 

{Chalk and Chalk Marl: the upper part banded with layers o 
flint. 
Upper Greensand and Gault (a stiff blue clay). 1500 feet. 

i Lower Greensand (mdinn^ sands and ironstones)^ 550 feet. 
iVealden (estuarine), including Weald clay and Hastings 
sand-beds. 1800 feet. Partly represented by marine 
Speeton clays of Yorkshire. 
Oolites. ( Including Upper or Portland (partly fresh-water) ; Middle or 
(Roe-stone.) 1 Oxford and Lower or Bath Oolites. About 2500 feet. 
I ias C Includes two thick beds of clay, separated by a middle Marl- 
/iLxTmU \ ■{ stone. Total, 1500 feet. These beds stretch in an irregu- 
^i^aycrs.; ^ ^at band across England from Dorsetshire to Whitby. 

/IT iLrt>Uo,I»;->« J A thin series of shales and marls wiih clayey limestones. 
Alps.) ( ^° *° '°° ^**'* Sometimes included in Trias. 

!In some localities these beds appear to form one system, for which the terms 
Ne7v Red Sandstone and Poikilitic (variegated) have been used. Some 
authors include the Permian in the Palaeozoic strata. 
Permian strata are found in West Midland counties, Lake District, and in a 
narrow strip from South Shields to Nottingham. The Trias consists of 
sandstones and conglomerates below (Bunter), and red marls with gyp- 
sum and rock salt above (Keuper). Maximum thickness — Permian, 
3000 feet ; Trias, about 4000 feet. 
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Generally divisible into three series (i.) Coal Measures, (ii.) Millstone Grit, 
and (iii.) Carbon'/eroua Limestone (at the base). The beds vary, how- 
ever, considerably as they are traced across the country. Thickness, 
about 15,000 feet (2 J miles in South Wales). 

In Wales and Scotland these strata consist of red sandstones, conglomerates, 
and marls, deposited in fresh water, separable in Scotland into two un- 
comformable series. (Maximum thickness, over 20,000 feet.) In Devon- 
shire, marine limestones, grits, etc., occur, which seem to have been de- 
posited at about the same time (10,000 feet). 

These beds consist of a lower series of conglomerates, grits, slates, and lime- 
stones {Cambrian and Ordovician), and an upper series of sandstones, 
shales, and limestones (5'/7«r/Vi«^, often resting unconformably upon the 
Lower beds. Total thickness, about 40,000 feet. ITiey occur in Corn- 
wall, Wales, Warwickshire, Shropshire, Lake District, etc., and in 
Scotland and Ireland. 

LThe Silures were ancient inhabitants of South, and the 
Ordovices of North Wales.] 

ARCHiBAN (Arche begin- ^Includes all the rocks (mainly schists and gneisses), often termed Pru- 
ning), Azoic (lifeless), or I Cambrian, whose classification and nomenclature is still unsettled. 
Eozoic(dawnoflife)Rocks.-J These rocks probably everywhere underlie the undoubted fossiliferous 
No undoubted fossils yet I strata, but are mostly hidden from view by later deposits. They are 
found. V exposed over considerable areas in N.W. Scotland. 
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small part of one ; thus the Cambrian beds of this and other 
countries have been divided into three principal zones by 
the occurrence of certain genera of the extinct order of 





Fig. 65. 



Fig. 66. 



trilobites (Fig. 65), while the Ordovician and Silurian strata 
contain a large number of zones marked by the presence of 
certain species oi graptolites (Fig. 66), 

The total thickness of the known strata is probably about 
100,000 feet (20 miles), of which at least 80,000 belong tp 
the Archaean and Palaeozoic divisions. (See table of strata.) 
References. — Geikie*s Claas Book of Geology, and the larger Text- Book. 

(Macmillan.) 
Woodward's Geology of England and Wales. (G. Philip 

& Son.) 

Section VI.— Earth Sculpture. 
I. Continents and Oceans. — We have seen that the 
materials of the greater part of the dry land have been laid 
down as sediments upon the sea-bed, and that their present 
position is due to earth movements, by which the land has 
been upheaved. While the land areas, as a whole, owe 
their existence to upheaval of the terrestrial crust, their 
present surface contours are largely due to the action of 
erosive agencies. Whether the great continents and oceans 
have always occupied, in the main, their present positions is 
uncertain. A study of the character and fossil contents of 
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the deposits which now form the chief stratified rocks seems 
to indicate that they were laid down in water of no very 
great depth, and it is possible that, unequal radial contrac- 
tion of the earth having in very early times marked out the 
general position of the main continental elevations and 
oceanic depressions, the subsequent crust movements have 
been chiefly confined to the land areas and sea margins. 

2. Mountain Chains. — Certain portions of the continents 
rise to a considerable height, and form long ridges or 
mountain chains. They are formed of rocks that have 
been subject to great lateral compression^ by which the strata 
have been bent and wrinkled into a series of long/olds. In 
many cases this folding has produced inversion of the beds, 
as shown in (Fig. 67), representing (after Heim) a section 



Fig. 67. 

from the Rhine Valley to the Valley of the Sernf, through 
the Vorab and Bleitstocke, where the older rocks (1) have 
been bent over so as to rest upon newer beds (2). Con- 
trary to popular belief, the present great mountain ranges 
are geologically modern features of the earth's surface, for 
the constant wearing down of all raised portions of the crust 
by erosive agencies has long since levelled the more ancient 
elevations. Deposits of lower Miocene (or uppermost Eocene) 
age are found on the Dent du Midi, up to nearly 11,000 
feet above sea level, thus showing that the final uplifting of 
the Alps has taken place since that comparatively recent 
geological period. 

3. General Features of Scenery.— Just as round our coast 
lines the harder rocks project out into the sea as headlands, 
while the softer strata have been worn by waves and 
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Currents into bays, so in the interior of the country the 
more durable materials have been left standing up in relief, 
while softer portions have been worn down by subaerial 
agencies to form lowlands and plains. The hard rocks 
which resist the horizontal cutting action of the sea also 
withstand the cutting down action of rain and rivers. 
Thus the old Archaean and Palaeozoic rocks of Scotland, 
Wales, and the Lake District — largely composed of igneous 
and metamorphic rocks — form the most hilly ground, while 
the soft modern alluvial deposits form flat low-lying plains. 
The Scotch Highlands may be regarded as a sort of 
island of ancient crumpled gneisses and schists set in a sea 
of newer strata. They are not, like the Alps, a true 
mountain chain, owing its origin mainly to upheaval, but 
are relics of an old elevated tabjeland which has been canned 
out into its present irregular form by the processes of waste. 
A great line of fault separates the old rocks of the Highlands 
from the newer Palaeozoic strata of the Lowlands. Here 
the most striking feature is the abundance of igneous rocks 
and their effect upon the scenery; the felsites forming usually 
smooth rounded hills, and the basalts more rugged eleva- 
tions like Arthur's Seat (near Edinburgh). The great 
Pennine Chain, or back-bone of Northern England, is 
formed by a broad irregular anticlinal of Carboniferous 
rocks, rising from beneath the softer New Red Sandstone 
strata, that form the plains of Cheshire and of Notts. 
One of the most marked characteristics of the scenery in 
the eastern and southern parts of England is the 
occurrence of long ridges, or escarpments, due to the alter- 
nation of gently inclined hard and soft beds. They have 
a steep or ^carjp slope, usually facing to the N.W., and a more 
gentle dip slope in the opposite direction. These escarp- 
ments, due to the action of rain and rivers, are distinguished 
from cliffs, which owe their origin to marine action, by their 
being always confined to the boundary of some one hard bed* 

n 
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The Oolitic escarpment (6 in Fig. 6i) may be traced right 
across England from Dorset, by the Cots wolds, and on in a 
N.E. direction into Lincolnshire and Yorkshire. The softer 
clay lands to the east form flat plains, while still -further to 
the east the harder Chalk rises into the scarped ranges of 
the Chiltern Hills, and the wolds of Lincolnshire and York- 
shire (7; Fig. 6i). 

Where the strata have been bent into gentle folds we may 
have two escarpments facing opposite ways, as shown in 
(Fig. 6S)f which represents (after Hull) a section across the 
Cotswold promontory, showing lower Oolitic limestones 
resting upon Lias clays, which are exposed in the Vale of 
Moreton by the removal of the overlying beds, whose former 
extension is indicated by the dotted lines. It will be seen 
that the original anticlinal elevation, perhaps broken and 
fissured at the summit, has more readily yielded to erosive 
agencies, and now forms a valley, while the accompanying syn- 
clinal depression, hardened by compression, has better with- 
stood the processes of atmospheric denudation, and now forms 
a hill. Such " anticlinal valleys " and " synclinal hills " are 
very common. The basin shape of our principal coal fields, 
(as shown in Fig. 6i), is similarly due to the folding of the 
carboniferous strata into anticlinals and synclinals, and to the 
subsequent removal of the upper beds from the summits of 
the anticlinals. 



Fig. 68. 

References. — For a very interesting discussion of the origin of the larger 
features of the earth's surface, see the presidential 
addresses to the Geological and Geographical sections 
of the British AssociaiioUi 1892. 
For the effects of denudation, see chap. x. of Green's 
Physical Geology ; Ramsay's Physical Geology and 
Geography of Greai Britain ; and Geikie's Scenery 
and Geology of Scotland, 



CHAPTER VI. 

THE EVOLUTION OF THE EARTH. 

Section /. — The Earth's Place in Nature, 

I. The Solar System. — We have seen how Copernik as- 
signed to our earth its true place as one of several planets 
or worlds revolving round the sun. These planets, together 
with smaller bodies, termed meteors (popularly known as 
falling stars), and comets (which very probably consist of 
swarms of meteoric fragments, illuminated partly by reflected 
sunlight, partly by electric discharge, and perhaps also by 
incandescence), constitute a separate group of heavenly 
bodies termed the solar system. The table on pages 198-9 
gives some of the important facts with regard to the planets. 

Now, it was shown, by I^place, that since all the planets 
travel round the sun in the same direction in orbits which 
are nearly circular, and nearly in the same plane, and since 
many of them have satellites which travel round them in 
nearly circular orbits, and (in almost every case) in the 
same direction (this being also the direction in which both 
planets and sun rotate on their axes), it is almost certain 
that all these bodies must have had a common origin. If 
this be so, we should expect that there would be a great 
similarity in their chemical constitution. Now, in the case 
of those meteors, which occasionally fall to the earth as 
aerolites y we find that no element, unknown on the earth has 

195 
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yet been detected. Many of them consist mainly of iron 
alloyed with nickel and some other metals, while others are 
stony masses resembling, in composition, some of the basic 
igneous rocks. We have, moreover, as will be seen later, in 
the spectroscope a means of determining the composition of 
the sun and stars, which also are thus found to consist 
largely of known terrestrial elements. 

2. The Distances of the Fixed Stars.— The method by 
which the distance of the moon from the earth may be found 
by determining its parallax has already been noticed. In 
this case the base line used is the distance between two points 
on the earth's surface. With such a base line none of the 
fixed stars show any apparent change of position whatever, 
but by using the much longer base line of the diameter of the 
earth's orbit (186 million miles) very careful measurements 
have shown that some stars do (after correcting for aberra- 
tion) give a very small parallay, that is to say, w/ien viewed 
from opposite points of the earth^s orbit ^ their position on the 
celestial globe appears to be very slightly shifted. In the case 
of the nearest fixed star, known as alpha centauri, the 
amount of parallax thus observed is only f of a second of 
arc, corresponding to a distance of more than 250,000 times 
the distance of the sun from the earth. This distance is 
such that light, which travels at the rate of 186,000 
miles a second, takes more than four years to travel from 
Alpha Centauri to the earth. Similarly it takes about 25^ 
years for light to travel from arcturus, and 42^ to travel 
from POLARIS to the earth. Most of the stars do not give 
any measurable parallax, and are, therefore, at vastly greater 
distances. It can be shewn that the sun, if moved to 
the distance of Polaris, would not be visible to the naked 
eye. Hence, it follows that Polaris must be very much 
brighter, and probably larger, than our sun. Many stars 
when seen through powerful telescopes are found to be 
double, that is, to consist of two or more separate stars re- 
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volving (at any rate in some cases) round their common 
centre of gravity. Knowing the dimensions of the orbits as 
well as the distances and periods of revolution of such 
double stars, their tnass can be calculated, and in this way it 
is found that Alpha Centauri has twice the mass of our sun, 
while other stars have a much greater mass. Such investi- 
gations serve to show that the stars are really suns, many of 
them much larger and brighter than our own (which must 
thus be regarded as only a star of average size). 

3. The Movement of the Solar System.— ^Many of the so- 
called fixed stars are found by careful observation to have a 
small motion in the heavens (amounting to 10 seconds of arc 
in some cases), called their proper motion. Sir William 
Herschel first showed that a part of the proper motion of 
the stars might be an apparent motion, due to an actual 
motion of the sun and its system in space, at the rate of 
about 4 miles per second towards the constellation Hercules. 
The part of the proper motion of the stars, which cannot be 
accounted for by this movement of the solar system through 
space, is attributed to movements of the stellar systems 
themselves. Independent proof of the rapid motion of 
some of the stars in the line of sight is afforded by the evi- 
dence of the spectroscope. • 

References, — R. A. Gregory, The Vaiilt of Heaven (in this series). 
Sir R. S. Ball, Starland (Cassell & Co.). 
Professor S. P. Langley, The New Astrxynomy (Boston : 

Ticknor & Co.). 
Professor S. Newcombe, Popular Astronomy (Mac- 

millan). 

Section II, — Spectrum Analysis, 

I. The Spectrum. — When a ray of sunlight enters a 
darkened room through a hole or slit in a shutter, and falls 
upon a triangular piece of glass called a prism, as diagram- 
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Mercury. 



»5 

88 days 
(nearly 3 months) 



orbit very eccen- 
tric ; distance varies 
from 28 to 42 
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Venus. 
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nearly 335 days 
(7i mouths) 
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Earth. 
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[88 days, according [225 days, according 
to Schiaparelli] to Schiaparelli] 



Nevermore than 28** 
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Saturn. 



5. The smallest can 
be seen only in the 
best telescopes. 
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(84 years) 
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Neptune. 
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matically shown in Fig. 69, it not only becomes bent out of 

its course, or 
refracted by 
its passage 
through the 
prism, but also 
opened out fan- 
like into vari- 
ous coloured 
rays, which, 
falling upon a 
^'^' ^' screen, form a 

band of colours called the spectrum. This spectrum (follow- 
ing Newton, who first investigated it) is usually regarded as 
being made up of the seven colours, violet, indigo, blue, green, 
yellow, orange, and red, in the order given, but the various 
colours pass into one another by insensible gradations. 
When the coloured rays, before falling upon the screen, are 
allowed to pass through a lens, or through a second prism 
turned the opposite way, they close up and form a white 
spot upon the screen. Newton therefore concluded that 
ordinary sunlight is composed of many differently coloured 
rays, which are unequally bent, or refracted by a prism, the 
violet being most, and the red rays least refracted. This 
separation of white light into its component parts, by means 
of a prism, is called dispersion. 

Glowing solid and liquid bodies give continuous spectra, 
consisting of a band of colours passing one into another 
without any break; but glowing gases or vapours, unless 
very dense, are found to give discontinuous spectra, consisting 
of a definite number of bright-coloured bands, or lines. 
One of the simplest of these spectra is that of Sodium, con- 
sisting of two yellow lines so close together that they are 
usually seen as one. It may easily be seen by examining 
the light from a Bunsen burner or spirit lamp, in which 
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common salt is held or sprinkled, by means of a spectro- 
scope, an instrument consisting of one or more prisms, and 
a system of lenses, which serve to magnify the spectrum and 
make it more distinct. It was suggested by Fox Talbot and 
Herschel, in 1825, that the presence of small quantities of 
various metals in different minerals might be recognised in 
this way. 

2. Fraonliofer's Lines. — So long ago as 1802 it had been 
shown by WoUaston that the spectrum of sunlight was not 
a completely continuous band of colour, but was crossed 
perpendicularly to its length by several dark lines. In 181 7 
Fraunhofer rediscovered these dark lines and measured 
their relative positions ; hence they are usually known as 
Fraunhofef^s lines. Some of these lines are due to absorp- 
tion by the earth's atmosphere, and are therefore more 
marked when the sun is low in the heavens, and there is 
consequently a greater thickness of air to be traversed, but 
the lines in the spectra of the stars and nebulae are not the 
same as the lines in the solar spectrum, as would be the 
case if all of them were due to absorption either by our 
atmosphere or by some medium beyond it : hence we con- 
clude that the cause must exist in or near the sun itself, 
Fraunhofer distinguished the principle lines of the solar 
spectrum by the early letters of the alphabet, as shown in 
Fig. 70, and he found that the two yellow lines given by the 
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Fig. 70. 

sodium flame coincided in position with the double line, D, of 
the solar spectrum^ a fact confirmed by the more exact ex- 
periments of Foucault and of Miller in 1849 or 1850. In 
the latter year Professor Stokes of Cambridge gave a 
physical explanation of this coincidence. It had long been 
known that a tuning fork, or string tuned to any particular 
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note will be set in vibration when that particular note is 
sounded near it. If we sing into a piano the note middle 
C, say (having taken the dampers off the strings by de- 
pressing the "loud" pedal), the middle C string will respond, 
sounding out this note. The reason for this will be 
apparent when we consider that each note corresponds to a 
definite number of vibrations transmitted by the air or 
other medium in which the sound is being propagated. 
When we attempt to cause a massive bell to swing, we find 
that a single pull or a series of irregular jerks will scarcely 
move it, whereas by timing our successive pulls to accord 
with its natural period of swing, thus slightly increasing its 
movement at each pull, it may ultimately be made to oscillate 
violently; in just the same way the small successive rhyth- 
mical impulses of .the air set up by a vibrating body may cause 
a string or tuning fork whose period of vibration is the same 
to sound, each successive impulse serving to reinforce the 
movement already started by the previous ones. If, then 
(following Stokes), we imagine a screen of many piano 
strings, all tuned to a particular note, to be stretched across 
a room, it is clear that if that particular note is sounded by 
an instrument at one end of the room it will be partially 
stopped by the screen of strings, which will all be made to 
vibrate (yet not so violently as to sound the note loudly 
themselves) so that a listener on the other side of the screen 
will not hear the note in its full intensity. When any other 
note is sounded, its vibrations will not be thus absorbed, as 
it were, by the screen of strings, and it will be heard almost 
as clearly as if no such screen had been interposed. Now, 
Stokes argued that the same thing would apply to light: 
that bodies, when comparatively cool, would absorb the 
same light rays which they give out when incandescent, and 
that consequently the coincidence of position of Fraunhofer's 
D lines in the solar spectrum, with the bright yellow lines 
given by incandescent sodium vapour, proved that the sun's 



THE EVOLUTION OF THE EARTH. 203 

atmosphere must contain sodium vapour^ which absorbed jnst 
this particular part of the sunlight in the same way that the 
screen of piano strings would absorb one particular note out of 
the whole musical scale. 

It was not, however, until ten years later that the subject 
was further investigated, especially by Kirchhoff in Germany 
and Balfour Stewart in England. Kirchhoff found that the 
460 bright lines which he observed in the spectrum of in- 
candescent iron vapour were all represented by correspond- 
ing dark lines in the solar spectrum, thus proving that iron 
vapour existed in the sun's atmosphere. He further showed 
that dark lines not actually seen in the normal solar spectrum 
could be added to it by letting the sunlight pass through a 
Bunsen flame containing certain metallic vapours, such as 
lithium. This metal when used as a source of light gives 
a spectrum showing a very bright red line, and Kirchhoff 
found that on weakening the sunlight, the dark line, due to 
absorption by the lithium vapour, gradually disappeared, and 
ultimately shone out as a bright red line on the darker 
background. A similar reversal of some of the Fraunhofer 
lines is observed during total eclipses of the sun, when the 
light from the interior being screened off, the outer glowing 
vapours give bright instead of dark lines. 

3. Constitution of the Sun. — It was experimentally shown 
by Kirchhoff that to produce dark lines, the absorbing vapour 
must be cooler than the incandescent source of Hght. If, for 
example, the light from the electric arc be passed through a 
Bunsen flame containing sodium vapour, the dark D lines 
appaar in its spectrum ; but if the lime light be used as the 
source of light, we get bright instead of dark lines, the 
Bunsen flame being too hot as compared with the tempera- 
ture of the glowing lime to cause the required absorption. 
Hence it follows that the dark lines in the solar spectrum 
must be due to the absorption of light by an atmosphere 
cooler than the luminous source. The sun, therefore, must 
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consist of a white hot ball of solid, liquid, or (more pro- 
bably) very dense gaseous material, surrounded by a cooler, 
though still intensely hot, atmosphere, containing glowing 
metallic vapours. According to, the recent researches of 
Professor Rowland of Baltimore, the lines of 36 terrestrial 
elements are certainly, and of several others possibly, pre- 
sent in the solar spectrum, and he concludes that if the 
earth were heated to the temperature of the sun its spec- 
trum would be very much like the solar spectrum. 

The luminous visible surface of the sun (termed the 
photosphere) is seen by telescopic examination to have a 
mottled appearance due to bright spots or " granules '* irre- 
gularly distributed. These granules have been variously 
described as resembling " rice grains '' and " willow leaves " 
in appearance, and it seems probable that they are the tops 
of ascending columns of glowing vapour, which having radi- 
ated part of their heat sink again and appear as compara- 
tively dark spots or " pores,*' Outside the photosphere is a 
layer of vapours, termed by Lockyer, the chromosphere, 
consisting largely of hydrogen, and an unknown element 
termed helium. During eclipses it is seen to be of a rosy 
tint, and portions of it are observed to rise many thousands 
of miles above the photosphere, forming the prominences or 
red flames first seen in 1706, and since studied by Janssen, 
Lockyer, and others. Beyond the chromosphere is the 
corona (Fig. 71), seen only in total eclipses, which seems to 

be formed of streams 
of matter ejected 
from the sun with 
great velocity. Of 
its physical and 
chemical naturelittle 
is yet known; part 
Fig- 71. of its light is cer- 

tainly reflected sunlight, for its spectrum contains some 
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Fraunhofer lines, and part may be due to electric discharges. 
We have already referred to the " stm spots ' first noticed by 
Galileo. These spots, which are constantly changing in 
form and number, appear to be vast depressions (sometimes 
many thousands of miles in diameter), where dense vapours 
pour downwards to the sun's interior. This movement of 
recession is proved by a small shift of the lines in the spec- 
trum (towards the red end) from their true positions, in ac- 
cordance with what is usually known as Doppler's principle. 
Doppler (in 1841) showed that a sound should become 
sharper or flatter according as the sounding body was ap- 
proaching or receding from the observer, for the pitch of a 
note depends upon the number of vibrations which reach 
the ear per second, and this number will be greater when 
the sounding body is approaching, and less when receding 
from the listener, than when listener and sounding body are 
relatively at rest. This effect may be actually observed in 
the case of the whistle of a locomotive engine passing 
through a station. Similarly in the case of light, when the 
source of light is receding from the observer, a smaller 
number of waves enter the eye in a given time than if the 
source of light were stationary, and the light is, as it were, 
flattened in pitch, or in other words, the lines in its spectrum 
(each of which corresponds to a definite number of vibrations 
per second) are slightly displaced towards the red end of the 
spectrum. 

Schwabe first observed (about 1843) that the number of 
sun spots varies periodically, the spots appearing in greatest 
number about every ten (subsequently corrected to ii'ii) 
years. There is a curious correspondence between this 
period and terrestrial magnetic disturbances, aurorae and 
"magnetic storms" being more frequent when the sun 
shows most spots. 

4. Constitution of the Stars. — The spectra of many of 
the stars resemble the solar spectrum in giving a band of 
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colours traversed by dark lines ; thus confirming the view 
that stars are suns of other systems. According to the 
differences in their spectra, the stars have been classified as 
(i.) white 8tar8f like Sirius, showing strong hydrogen lines 
(sometimes bright), metallic lines being inconspicuous or 
wanting ; (ii.) yellow stars, like Aldebaran, with spectra of 
solar type; (iii.) red stars, with banded spectra. These 
differences are generally regarded as indicating successive 
stages of an evolutional order, but different views have been 
held as to the most probable explanation, some astronomers 
maintaining that the white stars pass into a later red stage, 
and others that the coloured stars will become white. By 
the slight shift in the lines of their spectra (page 205) the 
motion of many stars away from or towards the earth has 
been determined. 

He/erences. — Tail's Recent Advance in Physical Science, 
Stuart's A Chapter o/Sciefice, 
Proctor, The Spectroscope {S.F.CK.), 
Prof. C. A. Young, The Sun (International Scientific 
Series). 

Section III. — Theories of Planetary Origin, 
I. The NebulaJT Hypothesis. — We have seen that our 
earth shows evidences of having been at one time in a highly 
heated condition, and that the sun's heat is probably main- 
tained by its slow contraction ; we can then reason back to 
a time when the sun was so expanded as to fill all the space 
within the limits of the present solar system : a time when 
our earth and the other planets had no independent exist- 
ence. According to the nebular theory of Kant and Laplace, 
the materials which now constitute the various members of 
the solar system then existed as an enormous globular mass 
of highly heated and rarefied gas, slowly rotating about an 
axis. Cooling at the outside by radiation, this nebulous 
mass slowly contracted, and the central part became hotter; at 
the same time the shrinking caused an increased velocity of 
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rotation, the result of which was a flattening of the mass at 
the poles, until ultimately the globe became more like a 
huge disc. Near the edge of this disc the attraction of the 
gas to the centre by gravitation was just balanced by the 
repulsion due to rotation, so that the external portions ex- 
ercised no pressure upon the material within, and at length, 
as the velocity of rotation increased, a ring or lump of the 
external part broke away and ultimately formed the planet 
Neptune. The inner portion of the nebula continuing to 
contract and to spin more rapidly, a second ring was shed, 
and then a third, and so on ; these successive rings con- 
densing to form the various planets^ until at length the 
central portion of the original nebula remained to form the 
sun. In the same way many of the detached masses them- 
selves shed rings which condensed into satellites or moons. 

The cloudy patches of light in the heavens known as 
nebnlse (whose spectra, as shown by Huggins in 1864, con- 
sist of a few bright lines indicating glowing gaseous matter) 
represent, according to this theory, the earliest stage in the 
process of world formation, and in the great nebula in 
Andromeda (as shown in a photograph taken by Mr. Isaac 
Roberts of Liverpool) we have apparently an actual instance, 
on a very large scale, of some such process of cosmical 
evolution as is pictured in Laplace's theory. In this photo- 
graph we see a large bright central mass, surrounded by a 
series of successive rings of bright material (the outer ones 
becoming fainter), separated by dark spaces. In one of 
these rings occurs a brighter patch, which seems to indicate 
an early stage of planetary condensation, while more remote 
from the centre are seen luminous ball-like masses which 
may be interpreted as being more fully formed planetary 
nebulae. 

2. The Meteoric Hypothesis. — A modification of La- 
place's theory has been suggested by Lockyer, according to 
which the early stages of world formation are represented 
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by swarms of meteorites, instead of by nebulous masses ot 
gas. There is certainly no evidence in the solar system 
now of any all pervading gas, which, however rarefied, would 
cause some retardation in the movements of the planets, 
while there is evidence, as we have seen, of numbers of 
small solid bodies flying through space; moreover, the 
nebulae themselves are regarded by Lockyer as consisting of 
swarms of loose stones rather than as glowing masses of 
gas, their luminosity being due to frequent collisions which 
produce enough heat to conwtxt portions of them into in- 
candescent gas. This view (first suggested by Prof Tait) 
appears to be supported by a comparison of the spectra of 
the nebulae with the spectra of " aerolites " heated in vacuum 
tubes in the laboratory. Now, Laplace's hypothesis requires 
the existence of a continuous mass of rotating gas, one 
portion of which exercises pressure upon another ; if, how- 
ever, the solar system was formed, not by the condensation 
of such a mass of gas, but by the accretion of separate loose 
masses of solid materials, we have no longer the required 
fluid pressure. Prof. George Darwin has, however, shown 
how this difficulty may be overcome, and the two theories 
reconciled. We have seen that according to the molecular 
theory the pressure of a gas is regarded as being due to the 
repeated impacts of colliding molecules, which rebound 
after each collision, somewhat as if they were elastic balls. 
Now we know that meteorites do actually move with enor- 
mous velocities, and it seems probable that glancing col- 
lisions frequently occur in which part of the solid matter is 
very suddenly volatilised at the point of contact, and this 
sudden generation of highly heated gas between two stones 
acts like a violent explosive to drive them apart, the result 
being much the same as if they were highly elastic bodies. 
If meteorites possess in this way a virtual elasticity. Prof. G. 
Darwin concludes that on certain assumptions they may be 
treated as molecules, and that a swarm of loose stones mov- 
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ing with great velocity may thus, owing to their frequent 
collisions, behave like a "coarse gas," and thus furnish a 
medium such as is required by the nebular hypothesis. At 
various centres we may suppose the swarms of meteorites 
got denser and denser, owing to shrinkage by gravity, till at 
length the collisions became so frequent that the gases did 
not cool and condense again ; thus, round these centres, 
masses of glowing gas were produced, which ultimately con- 
densed to form the planets. The residue of the myriads of 
meteoric masses, which once existed, constitutes the streams 
of meteorites which our earth continually encounters. They 
are thus the mere " dregs and sawdust of the solar system." 
Of the primal origin of the meteoric swarms, which, ac- 
cording to this theory, gave birth to the sun and planets, we 
know nothing. 

3. The Origin of the Moon. — According to the re- 
searches of Prof. G. H. Darwin, the history of the earth- 
moon system differs from that of the other planets and their 
satellites, in that the earth seems to have contracted nearly 
to its present size, before the moon separated from it. We 
have seen that the tides are increasing the length of our 
day by diminishing the velocity of the earth's rotation. 
Now it can be shown that the earth re-acts on the moon to 
drive it farther away, and we may, therefore, reason back to 
a time when the moon was very much nearer to the earth 
than it is now, and its period of revolution consequently 
much less. Some 56 million years ago this period was, 
according to Prof. Darwin's calculation, between 2 and 3 
hours. The moon was then close to the earth, which turned 
on its axis in just the same time, its rate of rotation being 
almost great enough to make it fly to pieces. Moreover, 
tides were then produced in the molten earth by the sun, 
which synchronising with the natural period of undulation 
of the molten globe, increased the tendency to prodr '^ 
rupture. A little earlier than this the moon probably fo 
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part of the same fluid globe, which then broke into two 
masses owing to excess of motion. Since the moon now 
always turns the same face to the earth, it seems, as pointed 
out by Helmholtz, that the friction due to the enormous 
tides raised by the earth in the moon's hydrosphere gradually 
reduced the velocity of its rotation until at length the period 
of rotation coincided with its monthly period of revolution 
round the earth. 

i?6/erence».— J. N. Lockyer, The Meteoritic Hypothesis (Macmillan 
& Co.); Atlantic Monthly, 1888, G. H. Darwin, On 
Meteorites and the History of Stellar Systems, also, 
Proc. B. 8., Nov. 15, 1888; R. S. Ball, Time and 
Tide : A Homance of the Moon (S. P.C.K.) 

Note. — Many of the facts and principles touched upon in this little 
book have been (owing to want of space) described in the fewest pos- 
sible words consistent with clearness. It is hoped that readers will 
make use of the references for further reading given at the end of each 
section. These lists must not be regarded as in any sense complete ; 
the more popular and " readable" works only have (as a rule) been in- 
cluded. Of the smaller works on Physiography, Huxley's Physio- 
graphy (Macmillan); Mill's Realm of Nature (Murray) ; and Gregory's 
Elementary Physiography (Hughes & Co.) may be specially recom- 
mended. The last is certainly one of the best of the text books written 
on the lines of the Science and Art Department syllabus. Larger works 
are — Our Earth avd its Story, by Dr. Robert Brown (Cassell) ; The Story 
of our Planet, by Prof. Bonney (Cassell) ; and (in French) La Terre, by 
M. F. Priem (Bailli^re). An excellent classified list of astronomical 
books will be found on pages 180 to 184 of R. A. Gregory's Vault of 
Heaven in this series. 



APPENDIX. 

List of Lantern Slides, etc., suitable for Illustrating the Suhject-Matter 
of this Work, 

Note. — In selecting lantern slides for illustrating lectures on Geology 
and Physiography it is important to have, whenever possible, photographs 
from Nature, Many of the advertised sets consist mainly of photographs 
of woodcuts and rough diagrams, many of which are hardly worth buying, 
as any teacher possessed of a moderate amount of skill in drawing can 
prepare more effective lantern diagrams by drawing, with transparent oil or 
water colours, upon the surface of plain glass squares previously prepared 
by a coating of copal varnish ; or finely ground glass may be used, which 
is afterwards made transparent by Canada balsam. A very hard pencil 
should be used for drawing upon the ground glass. 

Those teachers who have had no experience with the lantern should 
consult the little pamphlet by Mr. C. H. Bothamley on "The Optical 
Lantern as an Aid in Teaching (Hazell, Watson & Viney), or the larger 
work on •' Optical Projection," by Mr. Lewis Wright (Longmans). 

The following list includes slides selected from the catalogues of Newton 
& Co. , 3 Fleet Street, London ; E. G. Wood, 74 Cheapside, London ; James 
How & Son, 73 Farringdon Street, London; J. T. Mayfield & Co., 35 
Queen Victoria Street, London ; G. W. Wilson & Co. , Aberdeen ; E. 
Ward, F.R.M.S., Manchester; A. Pumphrey, Stanhope Street, Birming- 
ham. The price varies from 6s to i8s per dozen (for uncoloured slides). 

CHAPTER II.— Astronomical Slides with Rack Motion (Wood, or 

Newton). 
"Astronomical Diagrams" (8562, Wood)— Phases of 

Mercury ; Phases of Venus ; Retrograde Motion of 

Venus and Mercury ; Rotundity of the Earth ; 

Day and Night ; The Seasons ; The Tides ; Motion 

of a Planet in an Elliptical Orbit, etc. 
Portraits of Newton (7176) and Galileo (13929, Wood). 
[" Mechanics," Newton]— Parallelogram of Forces (2) ; 

Cavendish Experiment (16); Gyroscope (25); 

Foucault's Pendulum (30). 

CHAPTER III.— The Electrolysis of Water should be shown upon the 
Screen, using a Glass Tank (Newton). 

[•* Heat," Newton] — Expansion (2 and 3); Thermometer 
(9) ; Liquefaction of Gases (18) ; Snow Crystals 
(32, 33, 34) ; Comparative Volumes of Water and 
Steam (29). 

['•Hydraulics and Hydrostatics, "Newton J — 3, 12 and 13. 

["Solids, Liquids and Gases," Mayfield] — Crystals 
(39, 40, 4i> 42, 43, 44), etc. 

The action of acid upon limestone can be shown in the 
glass tank. 

211 



212 APPENDIX. 

The experiment with sulphur and iron, described on 
p. 76, can also be partly shown upon the screen. 

["Physical Geography," Newton] — Barometer (3); 
Winds (4, 5, 6, 7). 

Cyclone and Anticyclone (9 and 10) ; Rainfall Map (12). 

Ocean Currents (15, 16, 17). 

Distillation [" Heat," 31 ; Newton]. 

( 1 1232 to 1 1239, Wood) Sinter Terraces, New Zealand. 

(6398, 6399, do. ) Stalactite Cavern, also 4, 5, and 

6 " Sections," etc. (How). 

CHAPTER IV.— ["Mechanics," Newton]— Pulleys (5); Lever (6, etc.); 
also ['* Solids, Liquids and Gases," Mayfield]— 10, 
II, 12, 20, etc. 
[232, *• Heat," Mayfield]— Joule's Ejcperiment. 

CHAPTER v.— Stratified Rocks :— 

(3839, Wood) Cliffs of Moher. 

(3843, do. ) Natural Bridge of Ross. 

(3189, do. ) Buckstone Rock, Current Bedding. 

(178, How) Victoria Cave (limestone). 

(39, 55, do.) Cheddar. 

(6513, Wood) Group of Coral and Shells. 

(8968, do. ) Foraminifera (microscopic). 

(8969, do. ) Chalk ( do. ). 

(8970, do. ) CAallenj^er Soundings {do,) 

A very fine series of 98 slides of the Great Barrier 

Reef (Newton). 
Basalt and Granite :— 
Excellent set of 32 slides of Giant's Causeway (Wilson). 
Microscopic Structure of Basalt, etc., Ward's Petro- 

logical Series, especially Nos. 174, 177, 187, 287, 

289, 181. 
Granite Quarry, 23 of " Channel Islands " (Newton). 
Rain and Rivers :— 

Weathering of Limestone, 35, 36, 37, 41 of " Derby- 
shire and the Peak" (Wilson). 
4499 (Wood) Dinant. 
Action of Wind, etc, (3184, 3186, 3191, 3192, Wood), 

"Strange Rocks." 
Clifs with Talus, 54 of Physical Geography Set 

(Newton). 
Pot-Holes in Streamy 10144 (Wilson). 
Sand Dunes, 59 Phys. Geogr. (Newton). 
River Gorges, 43 and loi (Newton) ; (758, Wood) 

Handeck Gorge. 
Caverns, Stalactites, etc^ 6398, 6399, 6400 (Wood). 
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Ice Action :— 
[•• Switzerland and the Tyrol," Newton] i, Aletsch 

Glacier; 74, Glacier Garden, Lucerne; 99, Ice 

Pyramids ; 175, Gorner Glacier. 
31 and 32 of Phys. Geogr. (Newton). 
(6090, Wilson) The Maddys, Loch Maddy, Roches 

Moutonn6es. 
(591, Wilson) Moraines, Glen Torridon. 
(915, Pumphrey) Moraine Block, Llanberis. 
(69, Norway, Pumphrey) Glaciated Rock. 
(14802, Wood) Iceberg. 

The Sea :— 
(2918, Pumphrey) Chesil Beach. 
(17, Orkney and Shetland, Wilson) Old Man of Hoy. 
Voyage of the Challenger Series (Wood). 
(3462, Pumphrey) Natural Arch. 
(3180, 453, 3003, Wood) The Needles. 

Volcanoes, Earth Movements, etc. :— 
("Italy and Venice," Newton) 68, 73, ^6^ Etna and 

Vesuvius. 
("S. Sea Islands," Newton) 23, 24, 26, Kilauea. 
(if 2, 3, 55, How) Eruption of Vesuvius, 1872, etc. 
(2507, Pumphrey) Arthur's Seat, Edinburgh. 
( 1 1232-9, Wood) Sinter Terraces, New Zealand. 
(3155, How) Temple of Jupiter Serapis. 
(2735, Wilson) Cliffs in Handa — ^shows bedding and 

ioints in Torrdon Sandstone; Anticlinals— section 

across London Basin ; Fault, near Stanton Harold; 

Geological Map of Great Britain, and series of 

Fossils (How). 
Inclined Strata (4222, Wood), Lurlei Rock, 
Contorted Strata (3575, Pumphrey), Stare Hole 

Lulworth. 
(40, Devonshire, Newton), Cliffs and Beach, Clovelly. 
Slaty Cleavage (11078, Wood), Slate Quarries, 

Llanberis. 
Mountains (Physical Geography, 38 and 39, Newton); 

Sections through the Jura and Alps. 

CHAPTER VI.— Series on '* Spectrum Analysis " and on "Astronomy'* 
(Mayfield), also Astronomical Slides (Newton), 
especially 63 to 76, or •* Phenomena of Light '' and 
"The Solar System'* (Wood), especially 8870, 
8881, 8882, 8883, 8783. 
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A bbreviatunts :— L. = Latin ; Gr. = Greek ; Fr. = French ; G. = German ; E. = Element ; 
M. =s Mineral ; R. = Rock ; S. = Strata. 



Aberration (L. a wandering away), 27 

Acceleration (L. hastening), 7 

Acid (L. sour), 84 

Acidic Rocks, 179 

Adams, 42 

Adulana M. (from Mount Adula), 69 

Aeolian Deposits {Aeoius^ the god of the 
winds), 165 

Aerolite (Gr. air-stone), 195 

Age of Rocks, x88 

Air, 103 sqq., see also Atmosphere 

Air Pump, 102 

Albite M. (L. white), 08 

Alkali (Arabic, the asn), 85 

AUotropic (Gr. other mode), 49, 83 

Alluvial Deposits (L. inundation), 165 

Almagest (from Arabic form of Greek title 
" The great construction "), 17 

Alpha Centauri, The Star, 196 

Alps, Age of, 192 ; Folded Beds in, 192 

Altered Rocks, 187 

Aluminium E. (from alum), 82, 96 

Ammonia (from temple of Jupiter A mvu>n\ 
105 

Amygdaloidal (Gr. almond-like) rocks, 187 

Analysis (Gr. loosening), 48 

Andromeda, Nebula in, 207 

Animals, Action on Air of, 147 ; Secreting 
Carbonate of Lime, 156 

Angular Distance, 11 

Anorihic Crystals, 72 

Anorthite M. 98 

Antarctic Circle, 43 

Anthracite R. (Cir. coal-like)^ 172 

Anticline (Gr. bent over against), 185 

Anticlinal Valleys, 194 

Anticyclone (opposite to a cyclone), 112 

Antimony E. (Fr. arable), 96 

Anti-trade Winds, iii 

Apatite M. (Gr. deceitful stone. Composed 
of phosphate of lime), 69 

Aphanite R. (Gr. indistmct rock), 178 

Aqueous Rocks (L. aquat water); Char- 
acter of, 162 ; Table of, 172 ; Chemically 
Formed, 122, 125 ; Organically Formed, 
156 sqq.; Mechanically Formed, 155, 158 

Aqueous Vapour, 105 

Aiagonite M. (from Aragon in Spain), 98 

214 



Archaean S., 190 

Archimedes, Principle of, 67 

Arctic Circle (Gr. the North), 43 

A returns, The Star, iq6 

Arenaceous (L. sandy) Rocks, 172 

Arsenic E. (Gr. rHasculine\ q6 

Argillaceous (L. clayey) Rocks, 172 

Artesian Wells (from A riots in France), 68 

Arthur's Seat, 193 

Asbestos or Asbestus M. (Gr. incombusti- 
ble), 98 

Ash, Volcanic, 176 

Astrology, 4 

Astronomy, Early History of, 3 

Atlantic Ocean, 126 

Atmosphere (Gr. vapour globe), Composi- 
tion of, 103 ; Extent of, 103 ; Movements 
of, no; Pressure of, 100; Warning of, 

^°9 . 

Atmospheric Electricity, 150 
Atom (Gr. that cannot be cut), 89 
A tomic Theory, 89 
Attraction, Chemical, 142; Gravitational, 

40 ; Molecular, 65, 141 
Augite M. (Gr, au^^e^ lustre), 98 
Aurora, 150 
Avogadro's Law, 65, 91 

Barium E. (from Barytes), 96 

Barometer (Gr. weight measurer), 100, loi 

Barytes M. (Gr. heavy stone), 98 

Basic, Oxides, 85 ; Rocks, 178, 179 

Basin, Coal, 194 

Beaches, Raised, 183 

Bedding Planes, 154 

Beryllium E. (from the gem Beryl), 96 

Biology Defined, 3 

Bismuth E. (origin unknown), 96 

Bituminous Coal R. (Gr. pitus, pitch), 172 

Blende M. (also called Black Jack), 99 

Black, Joseph, 53, 56 

Bode's Law, 198, 199 

Boiling Point of Water, 53 

Borda, 6 

Boring Shells, 183 

Boron E. (from Borax), 96 

Botany (Gr. grass), 3 

Boulder Clay, 169 
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Boyle's Law, 58 

Boys, Professor Vernon, 68 

Bradley, 27 

Breccia R. (Italian, fragment), 172, 176 

Breezes, Land and Sea, it2 

Brittle Substances, 69 

Bromine £. (Gr. bromoSy a stink), 96 

Bunter S. (G. variegated), 192 

Buys Ballot's Law, 113 

C. G. S. System of Units, 7 

Cadmium £.,96 

Caesium £. (L. blue), 96 

Cailletet, 61 

Calcareous Rocks, 172 

Calcite or Calc Spar M. (L. calx, lime) 

Calcium E. 96 

Calms, £quatorial. iii 

Caloric (L. calor, heat), 135 

Calx, of Iron, 78 ; of Mercury, 79 

Canons (pronounce Canyons), 164 

Capillary (L. capilius, hair), 68 

Carbon E. (L. carbo, coal), 83, 96 

Carbonaceous Rocks, 172 

Carbonate, of Lime, 82, 156, 171 ; of Soda, 

86 
Carbon Di-oxide or Carbonic Acid Gas, 56 

60 
Carboniferous S. (L. coal-bearing), 189, 190 
Carbon Monoxide or Carbonic Oxide, 87 
Cavendish, 42, 57, 116 
Caverns, 122 
Cementing of Sediments into hard Rocks, 

154 
Centigrade (L. hundred steps), 50 
Centimetre (hundredth of a metre), 6 
Centrifugal Force (L. flying from the 

centre), 41 
Cerium E. (from the planet Ceres), 96 
Chalcedony M. (from Chalcedon, in Asia 

Minor), 99 
Chalk, R. S., 86, 172 
Challenger Expedition, 126 
Chalybeate Waters, 121 
Chalybite M. (Gr. iron-stone), 99 
Charcoal, 83 
Charles, Law of, 59 
Chemical, Affinity, 89, 142 ; Change, 41 ; 

Energy, 141 
Chemically formed Rocks, 172 . 
Chert M. R., 172 
China Clay, 172 

Chlorine E. (Gr. chloros, green), 83 
Chromium E. (Gr. colour), 96 
Chromosphere, 204 
Chronoscope (time-measurer). 
Cinder Cones, 176 
Cinnabar xM. (Gr. Vermilion), 99 
Circle, Great, 10 
Classification, of Chemical Changes, 86 ; of 

Elements, 94 ; of Rocks, 162 ; of Strata, 

189 
Clay R., 82, 172 
Clastic (Gr. broken) Rocks, 172 
(lleavage of Crystals, 73 



Cleavage of Slates, 186, 187 

Clerk Maxwell, 64 

Climate, zzo 

Clouds, X07 

Coal R , 172 

Coalfields, 194 

Coast Erosion, 170 

Cobalt E. (G. goblin), 96 

Cohesion (L. sticking together), 68 

Combustion, 77 

Comets (Gr. long-haired), 195 

Compounds and Elements, 81 

Conchoidal (shell-like) Fracture, 172 

Condensation of Steam, 54 

Conduction of Heat, 83 

Cone, Volcanic, 176 

Conformable Strata, 88 

Conglomerate R. (L. rolled together), 172 

Conjunction (the nearest approach of two 

heavenly bodies), 198 
Conservation of Energy, 130 sqq. 
Continents, T91 
Contortion, 185 _ ^ 
Convection (transmission of heat in fluids 

by currents), 152 
Copernik, 17 
Copper £. M., 96, 99 
Coral Reefs, 157 
Cornstone R., 172 
V orona (L. crown), 204 
Corundum M. (oxide of aluminium), 69 
Crater (Gr. cup), 173 
Crater Lakes, 177 
Crevasses, 167 

Crinoids (Gr. lily-like) or Encrinites, 157 
Critical Point, 60 
Crystals, 70, 72 
Crystallites, 161 
Cubic Crystals^ 7a 
Cuprous Chloride, 104 
Currents, Causes of, 128 ; Energy of, 149 
Cyclones, 112 sqq. 

Dalton, 60, 62, 86, 89 

Dark Heat Rays, 109 

Darwin, Charles, 165 

Darwin, Prof. George, 208 

Davy, Sir Humphrey, 82, 83, 117, 136 

Day and Night, 44 

Dead Sea, 125 

Decimetre (tenth of a metre), 6 

Decomposition, 86 

Deduction (L. a leading from), 9 

Definite Proportions, Law of 86 

Degrees of Latitude, 11 

Degrees of Temperature, 50 

Density Defined, 58 

Denudation (L. a laying bare), 162 sqq. 

Detritus (L. worn away), 170 

Devonian S., 190 

Dewpoint, 105 

Dewar, Professor James, 62 

Diailage M. (Gr. dissimilar [cleavage]), 178 

Diamond E. M., 69, 98 

Diatom Earth R., 172 
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Diatom Oozt R^ 171 

Didymium E. (Gr. twin), 96 

Diflfusion of Gases, 6a, 6^ 

Diorite R. (Gr. distinguishable stone), 178 

Dip of Strata, 184 

Disintegration of Rocks, 163 

Dblocations, 185 

Distillation, 119 

Doldrums, iiz 

Dolerite R. (Gr. deceptive stone), 178 

Dolomite (from the geologist Dolomteu)^ 

172 
Doppler's Principle, 205 
Double Decomposition, or Metathesis, 86 
Ductility, 68 
Dunes, 16^ 
Dust in Air, 107; Growth of, 165; Volcanic, 

Dytes, Volcanic, 176 
Dynamics (Gr. power), 7 

Earth, Condition of Inferior, z8o ; Size of, 
14 ; Shape of, 7 ; Movements of, 18, 19 ; 
Weight of, 42 

Earth Pillars, 163 

Earthquakes, 181 

Earthworms, 165 

Ebullition, or Boiling, 54 

Eccentric (L. out of the centre), 16 

Ecliptic, IS 

Eifcl, 177 

Elasticity, 69 

Electric Energy, 142, 150 

Electricity (Gr. eiektron, amber), 3 

Electrode, 47, 84 

Electrolysis (Gr. decomposition by elec- 
tricity), 47. "7, ^ 

Element, Defined, 81 

Elements, Classification of, 94; table of, 96 

Ellipse, 24 

Elixir Vitae, 4 

Enei^y (Gr. ergon^ work) Defined, 130 ; 
Dissipation o^ 151 ; Forms of, 140, sqq.; 
Kinetic and Potential, 138 ; Natural sup- 
plies of, 147 

Eocene 8. (Gr. eos^ dawn ; kainos, recent), 
190 

Epicentrum (upon the centre), i8a 

Epicyles, Theory of, 16 

Epigene (Gr. upon the earth) Agencies, 151 

Epsom Salts (sulphate of magnesium), 86 

Equator (L. aequus, equal), 10 

Equinox (L. equal night), 44 

Erbium E. (from Ytterby in Sweden^ 96 



Eruptive or Igneous Rocks, 162, 178, 179 

Escarpments, 193, 194 

Estuaries, Tides in, 129 

Ether, Evai>oration of, 53 

Ether, Luminiferous, 144 

Eurite R., 178 

Evaporation, 54 

Expansion, by Heat, 49 ; by Frost, 5a 



Explosions, Volcanic, 173 
Explosives, Energy of. 142 
Experiment (L. a trial), 2 

Fahrenheit, 50 

Falling Bodies, 33, 41 

Faraday, 60 

Faults, 185 

Felspar (G. fieldspar), 74 

Felsite R., 178 

Ferric {L./nrrum, iron) Oxides, 

Ferrous Oxide, 

Fire Clay R., 17a 

"Fixed Air," 56 

Fixed Stars, 14 

Flint R., ZZ2 

Food, Energy of, 147 

Foot, 5 

Fluid Defined, 52 

Fluorine E. (from Fluor), 96 

Fluor Spar (used as 9^flux\ 99 

Foci of Ellipse, 23 

Focus of Earthquake, z8a 

Fogs, 106 

Folds of Strata, 185 

Foliated Rocks, 187, x88 

Foliation (L. folium^ a leaQi 187 

Foot-pound, 132 

Foraminifera (from the lasccxy foramina or 

openings in the shell wall), 258, 170 
Force, 32 

Formation, Geological, 189 
Fossils (L. dug out), 154 
Fragmental or Clastic Rocks, 172 
Fraunhofer's Lines, 201 
Freezing Point, 50 
Frost, Denuding Action of, 52, 166 
Fuel, Composition of, 80 ; Energy of, 147 

Gabbro R, (Italian), 178 

Galena M. (sulphide of lead), 99 

Galileo, 25, zoo 

Gallium E. (L. Gallia, France), 96 

Garnet M. (L. ^rain), 99 

Gases, Properties of, 55 sqq. ; from vol- 
canoes, 17s 

Gault S., 190 

Gay Lussac, 59, 88 

Geoloficy, Defined, 3 ; method of, zsx 

Geological Periods, Z90 

Geometry Defined, 7 

Germanium E. (Germany), 96 

Geysers (pronounced guysir; Icelandic, 
geysa, to gush), 172 

Glaciers, 166, 167 

"Glacier Garden," 168 

Glassy or Vitreous Rocks, i6z, Z78 

Glauber's (pron. glau to rime with cawS 
Salt, 86 

Globigerina Ooze, 170 

Gneiss R. (G. miners term), Z87 

Gold E. M., 96, 99 

Gramme or Gram, 7 

Granite R. (L. granular), x6o, 178 

Graham, 62, 63 
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Graphite E. M. R. (Gr. jcrapho^ I write), I Jurassic S., 190 



97, 172, 191 
Graptohtes, 191 
Gravel R., 170 
Gravitation, Law of, 36 sqq. 
Gravity (L. weight), Force of, 33, 37 
Great Salt Lake, 123 
Greek Astronomy, 16, 17 
Greensand S., 190 
Grit R., 172 
Gulf Stream, no, 129 
Gypsum M. R., 98, 125, 190 
Gyroscope, 26 

Hade of Faults, 186 

Haematite M. (Gr. blood-stone), 99 

Hail, X07 

Hardness of Minerals, 69 

Hardness of Water, 1x9, 120 

Haughton, Professor, 129 

Hawaii, Volcanoes of, 176 

Heat, Latent, 53 ; Specific, 55 ; Theories 

of, 135 ; Unit of, 137 
Heavy Spar, or Barytes M., 98 
Helium £. (Gr. the sun), 204 
Helmholtz, 210 
Herschell, Sir W., 41, 197 
Hexagonal (Gr. 6-angled) Crystals, 72 
Hirn, 134 
Hoar Frost, xo6 

Horizon (Gr. koros^ boundary), 9, 14 
Hornblende M. (G. blenden^ to dazzle), 98 
Humus (L. soil), 163 
Hutton, 153, x6o 
Huxley, 4 



Hydrosphere (Gr. water globe), 4, 45 
Hygrometer (Gr. measurer of moisture} 
Hypogene (Gr. under the earth), 153 



Ice-Age, i6p 

Icebergs, 167 

Iceland Spar M., 99 

Ice Scratched Rocks, 167, X69 

Ice Sheet, 169 

Igneous (L. ?>»/>, fire) Rocks, X782 179 

Indium E. (from itidigo line in its spec- 
trum^, 96 

Induction, 9 

Inclination, or Dip, X84 

Inertia (L.), 32 

Iodine E., 88, 96 

Iridium E. (Gr. rainbow), 96 

Iron E. M., 83, 96 

Iron Pyrites M., 99 

Iron Oxide as a Cement, 154 

Isobars (Gr. lines of equal barometric prcs- 
sureX XX2 

Janssen, 204 
asper M., form of (^artz, 99 
et R., T72 
Joints, X87 
Joule, X37 
Jupiter, the Plant t, 199 



Kaolin, or China Ch.y R., 172 

Kelvin. Lord (Sir William Thomson), 36, 66 

Kepler s Laws, 24, 30 

Keuper S. (G. copper), 190 

Kilogram (1000 grams), 6 

Kilometre (xooo metres), 6 

Kimeridge S., 190 

Kinematics, 7 

Kinetics, 7 

Kinetic Theory of Gases, 64 

Kirchhoff, 203 

Krakatoa, 174 

Labradorite M. (from Lal'fatfor), 98 
Laminated (L. lamina^ a leaf) Rocks, 172, 

landslips, 163 

Lanthanum £. (Gr. to be hid), 96 

Laplace, 195 

Lapilli (Ital. little stones), 176 

Latitude (L. breadth), 10, 11 

l^va (Ital. stream), 175 

Lavoisier, 79 

Laws of Chemical Combination, 86-83 

Lead E., 96 

Leucite M. (Gr. white stone), 99, i;8 

Leverrier, 42 

Lias S., 190 

Light, Dispersion of, 200; Refraction of^ 

200; Velocity of, 
Lightning, 50 

Lignite R. (wood stone), 172 
Lime, Carbonate of, 82, 120, 156, 172; SuU 

phate of, X20, 125 
Limestone, Origin of, 156; Varieties o', 172 
Liquids, 52, 65, 66 
Lithium E. (Gr. stone), 96 
Lithosphere (Gr. stone globe), 4, 45 
Litre, 6 
Lockyer, 204 

Lodestone (z.^., leading stone), 96 
Longitude (L. length), 10 
Lydian Stone R., 187 

Magnesia, 85 

Magnesian Limestone R., 82, 172 

Magnesium E., 82 

Magnetic Energy, 150 

Magnetite M., 83, 99 

Major Axis of Ellipse, 24 

Malleable (L. malUus^ a hammer), 6> 

Mallet, 180 

Manganese E., 96 

Marble R., 187 

Marcasite M., 98 

Marl R., 172 

Mars, the Planet, 19 

Masnum E. (Arabic for Egj-pt), 96 

Mass, 6 

Matter, Forms of, 47 saq. 

Maximum Density of Water, 52 

Mean Time, 5 

Measurement, Physical 4 
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Mechanical Powers, 133 

Mechanically Fonned Rocks, 17a 

Mediterrandan, The, 127 

Mendelejeff or Mendeleef, 95 

Mercury, the Planet, 18 

Mercury E., 92, 96 

Meridians. 10 

Mesozoic S., 190 

MetaLs, 84 

Metamorphic Rocks, 187 

Metamorphism (Gr. change of form\ 187 

Meteoric Hypothesis, 207 

Meteors, 195 

Metre, 5 

Metric System, 5, 6, 7 

Mica M., 98 

Mica Schist R., z88 

Microcline M., 08 

Microliths,or Microlites (Gr. small stones), 

z6x 
Millimetre (thousandth of a metre), 8 
Millstone Orit S., 190 
Minerals, Defined, 75 ; Table of, 98, 99 
Miocene S., 190 
Mississippi, 164 
Mists, Z06 
Mixtures, 75, 77 
Moissan, 69 

Molecules, Theory of, 63 ; Energy of, 141 
Molybdenum E. (Gr. mo/uddostlc&d), 96 
Monoclinic Crystals, 7a 
Monsoon (Arabic, time or season), xi3 ^ ^ 
Moon, Apparent Movement of, 15 ; Origin 

of, 209; Phases of, at, 22 ; and Tides 
* Moraines (Ital. tftora^ a heap of stones), 166 
Motion, Laws of, 3a 
Mountain or Carboniferous Limeston?, S., 

190 
Mountams, Air Pressure on, loi ; Folded 

Rocks in, 192 
Mud R., 172 

Nebulae (L. clouds), 207 

Nebular Theory, 206 

Neocomian S.(from Latin name of Neu- 

chatel), 190 
Nepheline M. (Gr. cloud), 99, 178 
Nephelinite R., 178 
Neptune, the Planet, 41, 199 
Nevi or Snow Ice, 166 
Newlands, 94 

New Red Sandstone S., 190 
Newton, 31, 32, 35, 40, 45 
Nickel E. (Swedish), 96 
NiobiumE.(Niobe,daughterof Tanta'us),96 
Nitrogen E. (Gr. nitre-producer), 96, 104 
Nomenclature, Chemical, 92 
Non-metals, 84 

Oblique Crysta 72 
Obsidian, 161, 178 
Oceans, 125 sqq., 191 
Old Red Sandstone S., 190 
Oligocene S., 190 
Oligoclase M. (Gr. little cleavage), 98 



Olivine M., 98 

Oolite R. S. (Gr. roe>stone), 172, 190 

Oozes of I>eep Sea, 171 

Opi>osition of a Planet, so 

Orbit or Path of a Planet, 19 

Ordnance Survey, 13 

Ordovician S., 190 

Organically Formed Rocks, 172 

Orthoclase M. (Gr. right-angled cleavage), 

98 
Oismium E. (Gr. odour), 96 
Outcrcp of Strata, 184 
Oxford Oolites S., 190 
Oxides, Acidic and Basic, 85 
Oxygen E. 48, 79, 82, 104 
Ozone E. (Gr. having a smell), 82, Z05 

P.ilxozoic S., xoo 

Palladium E. (Gr. Palias\ 96 

Parallax, of Moon, 38'; of Stars, 196 

Pa'^allelogram, of Velocities, 34 ; ot Forces, 

^35 , 

Pascal, loi 

Perit R., 172 

Peldgic {Gt.^flagos, deep sea) Deposits, 170 

Pendulum, Energy of, 139; Foucault's, 25 

Penine or Pennine Range, 193 

Perched Blocks or Erratics, 168 

Peridotite R. {^r. peridot^ olivine), 178 

Periodic Law, 95 

Permian S., 190 

Perlitic Structure, i6x 

Perrier, loi 

Perturbations, 39 

Plilogiston, 77 

Photosphere (Gr. light globeX 204 

Physical Ch.nnges, 47, 48 

Physiography Defined, 5 

Physics, 3 

Phonolite R. (Gr. sounding stone), 178 

Phosphorus E. (Gr. light-bearing), 

Picard, 38 

Pictet, 6x 

Pisolite R. (Gr. pea-stone), X72 

Pitchstone R., 178 

Plagioclase M. (Gr. obli(]ue cleavage), 98 

Plants, Action of, on Air, 148 as Agents 

of Denudation, X63 
Planets, Apparent Movements of, 15, 16 ; 

Table of, 108, 199 
Platinum E. (Spanish, silver), 96, 99 
Pliocene or Pleiocene S., 190 
Pleistocene S., X90 
Plutonic (Gr. Pluto^ god of the nether 

world^ Rocks, X79 
Poikilitic S., 190 
Pole Star, X2, 14 
Porcellanite R., 187 
Porphyritc (Gr. purple stone), 178 
I'orphyritic Rocks (having larger crystals 

set in a finer base or ground mass), 178 
Portlandian S., X90 
Post Tertiary S., X90 
Potassium E. (from potash), 82, 9*6 
Potassium Chlorate, 49 
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Pot-Holes, 164 

Found, 6 

Power, XM, 133 

Pre-Cambnan »., 190 

Priestley, 87 

Prime or Zero Meriiilian, 10 

Prism, 197 

Prismatic Crystals, 72 

Proportions, Definite, 86; Multiple, 87; 

Reciprocal, 88 
Protyle, 95 
Ptolemy, 17 
Pumice R., 78 
Pure Substances, 71 
Pyramidal Crystals, 72 
Pyrites M. (Gr. fire stone), 99 
Pyrogallate of Potash, 104 

Quart/ M. (G.\ 75, 97 
■Quartzite R., 187 
■Quaternary, 190 

Radiant Energy, 144 

Radiolarian Ooze, 171 

Radiometer, 146 

Radius Vector, 24* 

Rainfall, 107, xo8 

Raingauge, 107 

Rainpoints, 156 

Rainwater, 119 

Raised Beaches, 183 

Red Clay, 171 

Regnault, 59 

Regular Crystals, 72 

Replacement, 86 

Retro^ade Movement of Planets, 20 

Rhaetic S., 190 ^r***^ 

Rhodium £. (Or. rose colour), 96 

Rhombic Crystals, 72 

Rhombohedral Crystals,''72 

Rhyolite R., 178 

Rigidity, 52 

Ripple Marks, 156 

Rivers as Denuding Agents, 164 

Roaring Forties, iii 

Roches Moutonn^es, 167 

Rock Crystal, 70, 97 

Rock Salt, 99, 125 

Romer, 27 

Rubidium E. (L. dark red), 96 

Rumford, 135 

Ruthenium E. {Rutheniay Russia), 96 

Salt, Composition of, 82, 88 

Salt Lakes, 122, 123, 125 

Saltpetre, 82 

Salts, 85 

Samarium E. (from mineral Samarskite), 96 

Band and Sandstone R., 172 

Sanidine M. (Gr. sanis^ a board), 98 

Satellites, or Moons, 207 

Saturated Air, 105 

Saturn, the Planet, 1^9 

Scandium E. (Scandinavia), 96 

Sc-nery, Origin of, 192, 193 



Scheele (two syllables), 83 

Schists R.. x88 

Science, Method of, a; Classification of, 3; 

Scoriae (Ital., cinders^ 176 

Screes, 166 

Sea, Denudation by, 170 ; Deposits in, 171: 
Floor of, 126; Movements of, 127; Tem- 
perature of, X27 

Sea Level, 126 

Sea- water, 124 

Seasons, 43 

Second, 5 

Secondary S., 190 

Seismic (Gr. earthquake) Vertical, 

Selenion E. (Gr. selene^ moon), 96 

Serpentine M. R., 98, 178 

Shale R., y2 

Sheets, or Sills, 176 

Shingle R., X72 

Shore Deposits, 170 

Silica (oxide of silicon), 82, 97 

Silicates, 82, 97 

Siliceous Rocks, 172 

Silicon E. (L. siUx^ flint), 82, 86 

Silt R., X72 

Silurian S., 190 

Silver E.M., 96, 99 

Sinter (G. sintern^ to petrify), 172 

Skaptar Yokull (or JftkuU), 176 

Slate R., 172, x86 

Smith, William, "The father of English 
Geology," 184, 188 

Snow Line, 166 

Sodium E. (Arabic), 

Soil, 73, 165 

Solar Prominences, 904 

Solar System, X95, 197 

Solids, 52, 65, 68, 69 

Solstices, 43 

Sorby. x86 

Specific Gravity, 58, 67 

Spectrum Analysis, 200 

Spectroscope, 201 

Specular Iron M. {see Haematite), 175 

Sphxrulites, x6i 

Springs, 163 

Stars, Distances of, 196 ; Proper Motions 
of, x§7 

Stalactites and Stalagmites (Gr. dropping 
stones), X22 

Storm Warnings, 112 

Strata and Stratified Rocks, 154 

Stress, 35 

Strike, X84 

Stromboli, X73 

Strontium E., 92, 96 

Sulphur E. M., 83, 96, 98, 175 

Sulphates, 83, 93 

Sulphides, 83, 92 

Sun, Apparent Movement of, 14 ; Distance 
of, 151 ; Heat o^, xsx ; Spots on, 205 

Surface Tension, 65 

Syncline (Gr. bent together), X85 

Syenite R. ( from Syene^ in Egypt),| 

Symbols of Elements, 93 
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Symmetry, Planes of, 72 

Synoptic (Gr. seen at a glance) Charts, 172 

Tait, Professor, 36 

Talc M., 69. 82 

Tantalum E., 96 

Telescope, 2, 25 

Temperature Defined, 49 

Tenacity, 68 

Terbium E., 96 

Terrigenous (earih-formed) Deposits, 170 

Tertiary S., 190 

Tetragonal Crystals, 72 

Thallium E. (Gr. a young shoot, in allusion 

to green spectrum line), 96 
Thermometer (Gr. heat measurer), 50 
Thorium E. (from the god Thor\ 96 
Thrust Planes, 186 
Thunder, 50 

Tides, Causes of, 45 ; Energy of, 149 
Till, or Boulder Clay, 169 
Tin E., 96 

Tinstone, or Cassiterite M., 99 
Titanium £., 
Topaz M., 
Tornado, 116 
Torricelli, 100 
Trade Winds, 11 1 
Trachyte (Gr. rough stone), 178 
Travertine, or Tufa, 122, 172 
Trias S., 190 
Triclinic Crystals, 72 
Trilobites (three-lobed), 191 
Tripoli R., 172 
Tuff, Volcanic, 176 

Tungsten E. (Swedish, heavy stone), 96 
Tycho Brahe, 22 
Tyndall, 186 

Unconformable Strata, 189 



Units, of Force, 3a; of Heat, 54; of Length, 
5 ; of Mass, 6 ; of Momentum, 32 ; of 
Time, 5; of Work, 132 

Uranium E. (Gr. heavens), 96 

Valleys, 164 «,..,. x 

Vanadium E. (from a Scandmavian deity),. 

Vems. 176 

Velocity Defined, 7 

Venusj the Planet, 15, 18 

Vesuvius, 174 

Viscosity, 67 

Volatile Liquids, 54 

Volcano, Activity of, 173 *, Products or, 175. 

Volcanic Bombs, 176; Cones, 173 ; ^ecks, 

177 ; Rocks, 178, 179 
Volume, Measurement of, 6 
Volumes, Law of, 88 

Water, Compos'tion of, 116; Rain, ii8p 

Spring, 119; Salt, 122-5 
Waterspout, 116 
Waves, 127 
Wave Theory, 145 
Weathering of Rocks, 157 
Whirlwind, 116 , . , 

Wind, Causes of, no; Denudation by,. 

164 ; Energy of, 149 
Work Defined, 130 

Yard, 5 

Ytterbium E.(from Ytterby in Sweden), 96. 

Yttrium E., 96 

Zenith (Arabic), 12 

Zinc E., 96 

Zirconium E., 96 

Zodiac (Gr. zoon^ animal), 16 

Zones, 44, 189 

Zoology Defined, 3 
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SPRING ANNOUNCEMENTS 



Gale. CRICKET SONGS. By Norman Gale. Crown Svo. 
Linen, 2s, 6d, 
Also an edition, limited to 125 copies, on hand-made paper. Demy 

Svo, 10s, 6d. net. 
Also a small edition, of 15 copies only, on Japanese paper. Demy 
Svo, 2is, net. 

Mr. Gale's rural poems have made him widely popular, and tUs volume of spirited 
verse will win him a new reputation among the lovers of our national game. 

PlInderB Petrio. THE HISTORY OF EGYPT, from the 
Earliest Timbs to the Hyksos. By W. M. Flinders Pbtrib, 
Professor of Egyptology at University College. Fully Illustrated, 
Crown 8sv. 6x. 
This volume is the first of a History of Egypt in six volumes, intended both for 
students and for general reading and reference, and will present a complete 
record of what is now known, both of dated monuments and of events, from the 
prehistoric age down to modem times. For the earlier periods every trace of the 
various Idngs will be noticed, and all historical questions will be fully discussed. 
The special features will be — 

(z) The illustrations, largely photographic, or from fac-nmile drawings ; and, so 
far as practicable, of new material not yet published. As yet, there is no 
illustrated history of Egypt ; 
(s) The references given to the source of each statement and monument, making 
this a key to the literature of the subject ; 

(3) The lists of all the known monuments of each king ; 

(4) The incorporation of current research down to the present time. 
The volumes will cover the following periods ;— 

I. Prehistoric to Hyksos times. By Prod Flinders Petrie. 
II. xviiith to xxth Dynasties. (The SameX 

III. xxist to xxxth Dynasties. (The Same). 

IV. The Ptolemaic Rule. 
V. The Roman Rule. 

VI. The Muhammedan Rule. By Stanley Lane Pode. 

The volumes will be issued separately. The first will be ready in the autumn, the 
Muhammedan volume early nejct year, and others at intervals of half a year. 
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Ottley. LANCELOT ANDREWES, Bishop of Wmchester. 
A Biography. By R. L. Ottley, Principal of Pusey House, Oxford, 
and Fellow of Magdalen. With Portrait. CrcwnZvo, Buckram. 5/. 
This life of the saintly bishq;> and theologian, of whom no adequate biography 
exists,, will have much value for English Chorchmen. It is issued uniform with 
Mr. Lock's 'Life of Keble,' and written as it is by so distinguished a scholar as 
iSLt. Ottley, it is as likely to become as popular. 

Gladstone. THE SPEECHES AND PUBLIC ADDRESSES 
OF THE RT. HON. W. E. GLADSTONE, M.P. With Notes. 
Edited by A. W. Hutton, M. A (Librarian of the Gladstone Library), 
and H. J. Cohen, M. A With Portraits. 8zv. Vol. IX. I2j. td. 

Messrs. Mbthusn beg to announce that they are about to issue, in ten volumes 8vo, 
an authorised collection of Mr. Gladstone's Speeches, the work being undertaken 
with his sanction and under his superintendence. Notes and Introductions will 
be added. 

In view qf thi htttrest in tht Honu RuU QuisticM, it is ^opoud to issue Vols. 
IX. and jr., which will include the seeches qf the last seven or eight yemrs, 
immediettelfi and then to proceed with the earlier volumes. Volume X, is 
already published, 

Robbins. THE EARLY LIFE OF WILLIAM EWART 
GLADSTONE. By A F. Robbins. Crown Svo. 6s. 
A foil account of the early part of Mr. Gladstone's extraordinary career, based on 
much research, and containing a good deal of new matter, especially with regard 
to his school and college days. 

Henley and Whibley. A BOOK OF ENGLISH PROSE. 
Collected by W. E. Henley and Charles Whibley. Crozm Svo. 
Also small limited editions on Dutch and Japanese paper. 21s. 
and 42s. net. 
A companion book to Mr. Henley's well-known 'Lyra Heroica.' It is believed 
that no such collection of splendid prose has ever been brought within the 
compass of one volume. Each piece, whether containing a character-sketch or 
incident, is complete in itself. The book vdll be finely printed and bound. 

Beeching. SERMONS TO SCHOOLBOYS. Sennons by H. C. 
Beeching, M. a., Rector of Yattendon, Berks. Crown Svo. 2s. 6d, 
Six sennons preached before the boys of Bradfield College. 

Paxkyn. CHARLES DARWIN : a Lecture delivered at 
Christ's College, Cambridge, by E. A. Parkyn, M.A. Crown 
Svo. IS. 
A short account of the work and influence of Darwin. 
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WalcbteiiL JOHN RUSKIN : a Study. By Charles Wald- 
STEIN, M.A., Fellow of King's College, Cambridge. Post %vo. Ss. 
Also a small edition on hand-made paper. Demy $vo. 15/. net. 
This is a frank aod fair appreciation of Mr. Ruskin's work and influence— literary 
and social— by an able critic, who has enough admiration to make him sym- 
pathetic, and enough discernment to make him impartiaL 



StemoL TRISTRAM SHANDY. By Lawrence Sterne. 
With an Introduction by Charlbs Whibley, and a Portrait. 
2 zfols. Crown Svo. 'js, 

Oongrevo. THE COMEDIES OF WILLIAM CONGREVE. 
Edited, with an Introduction, by G. S. Street, and a Portrait. 
Crown Zvo. y, 6d, 
The above important editions of two English classics are finely printed by Messrs. 
Constable, and handsomely bound. Each is carefully edited with scholarly 
f introductions— biographical and critical. They are issued in two editions— 
The ordlaaxy edition on laid paper, bound in buckram, 3;. 6^ a volume. 
The library edition (limited in number) on hand-made, paper, bound in half parch- 
ment, js. 6d. a volume, net. 

UNIVERSITY EXTENSION SERIES 

NEW VOLUME, Crwrn^oo, as. 6d. 

THE EARTH. An Introduction to Physiography. By Evan 
Small, M.A. 

Methuen's Commercial Series 

NEW VOLUMES, 

THE ECONOMICS OF COMMERCE. By H. de B. GiBBiNS, 
M.A. is.6d. 

A PRIMER OF BUSINESS. By S. Jackson, M.A. is, 6d, 

COMMERCIAL ARITHMETIC. By F. G. Taylor, M.A. 

SOCIAL QUESTIONS OF TO-DAT 

NEW VOLUMES, Crown Bvo, as. 64, 

WOMEN'S WORK. By Lady Dilke, Miss Bulley, and 
Miss Abraham. 
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TRUSTS, POOLS AND CORNERS : As affecting Commerce 
and Industry. By J. Stephen Jeans, M.R.I., F.S.S. 

THE FACTORY SYSTEM. By R. CooKE Taylor. 

THE STATE AND ITS CHILDREN. By Gertrude 
Tuckwell. 

classical Translations 

I^JSSW VOLUMES. 

Crown Zvo, Finely printed and bound in blue buckram, 

LUCIAN — Six Dialogues (Nigrinus, Icaro-Menippus, The Cock, 
The Ship, The Parasite, The Love of Falsehood). Translated by 
S. T. Irwin, M.A., Assistant Master at Clifton; late Scholar of 
Lincoln College, Oxford. 

SOPHOCLES— Electra and Ajax. Translated by E. D. A. 
MoRSHBAD, M.A., late Scholar of New College, Oxford ; Assistant 
Master at Winchester. 

TACITUS— Agricola and Germania. Translated by R. B. 
TowNSHBND, late Scholar of Trinity College, Cambridge. 

CICERO— Select Orations (Pro Milone, Pro Murena, Philippic ll., 
In Catilinam). Translated by H. E. D. Blakiston, M.A., Fellow 
and Tntor of Trinity College, Oxford. 



Fiction 

E. P. Benson. THE RUBICON. By E. F. Benson, Author of 
'Dodo.' 2 vols. Crown Svo. 21/. 
The annotmcement of a new novel of society by the author of the brilliantly 
snccessfnl *Dodo' will excite great interest, and it is believed that *The 
Rnbiom ' will prove to have as moch fascination as its predecessor. 

Stanley Weyman. UNDER THE RED ROBE. By Stanley 

Wbyman, Author of 'A Gentleman of France,' etc. With I2 

Illustrations by R. Caton Woodyillb. 2 tfolt. Crown $vo, 21s, 

Mr. Weymaa's fine historical tales have placed him in the front rank of novelists, 

and this stirring story of Richelien and the Hogaenots will not lessen hit reps- 
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Ifirs. Oliphant THE PRODIGALS. By Mrs. Oliphant. 

2 vols. Crown Svo, 2Xx. 

It is hardly necessary to say much about a new story firom Mrs. Oliphant's 
graceful pen. The present one is a charming and pathetic study. 

Baxing Gould. THE QUEEN OF LOVE. By S. Baring 
Gould, Author of * Mehalah,' ' Cheap Jack Zita,' etc. 3 vols. 
Crown Svo. 31s, 6d, 
A story of the Cheshire salt region>-« new district for the exercise of Mr. Baring 
Gould's original and powerful gifts. 

CHlbert Paxker. THE TRANSLATION OF A SAVAGE. By 
Gilbert Parker, Author of 'Pierre and His People,' 'Mrs. 
Falchion,' etc Crown Svo, Ss. 
A story with a powerful and pathetic motive by a writer who has rapidly made his 
way to the front. 

Richard Pryce. WINIFRED MOUNT. By Richard Pryce, 
Author of 'Miss Maxwell's Afifections,' 'Time and the Woman,' 
etc. 2 vols. Crown Svo. 21s, 
A story of society by Mr. Pryce, whose clever pen has the lightness and ease of 
OcUve FeuiUet. 

Constance Smith. A CUMBERER OF THE GROUND. By 

Constance Smith, Author of 'The Riddle of Lawrence Haviland.' 

3 vols. Crown Svo. 31J. 6cl, 

Oarew. JIM B. : a Story. By F. S. Carew, Cr. Svo. is. 6d. 

Standish O'Orady. THE COMING OF CURCULAIN. By 
Standish O'Grady, Author of * Finn and His Companions,' * The 
Story of Ireland,' etc Crown Svo. 2s. 6d, 
Curcnlain is one of the great legendary heroes of the Irish, and the adventures 
of his early life are told by Mr. O'Grady in his brilliant and fascinating manner. 

NEW AND CHEAPER EDITIONS 

Marie Corem. BARABBAS : A DREAM OF THE WORLD^S 
TRAGEDY. By Marie Corelli, Author of * A Romance of Two 
Worlds,* 'Vendetta,' etc. Eighth Edition. Crown Svo. 6s. 
A cheaper edition of a book which aroused in some quarters more violent hostility 
than any book of recent years. By most secular critics the authoress was accused 
[of bad taste, bad art, and gross blasphemy ; but in curious contrast, most of the 
religious papers acknowledged the reverence of treatment and the dignity of 
conception which characterised the book. Of this cheaper issue the fourth, fifth 
and sixth editions were sold on publication. 
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Baring Gould. CHEAP JACK ZITA. By S. Baring Gould. 

Crown 8tv. dr. 
A cheap edition of a story which has heen recognised as Mr. Baring Gould's most 
original effort since ' Mehalah.* 

Penn. THE STAR GAZERS. By G. Manville Fenn. 
Craam Svo, y, 6cL 
An exciting story with many sensations, and a complex plot. 

Esmd Stuart. A WOMAN OF FORTY. By EsMi Stuart. 

Crown Svo. y, 6d, 
Pathetic in motive, with an admirably worked out plot, and irithout overmuch 
analysis of character, the book has won much praise and many readers. 

Educational 

Davis. TACITI GERMAN I A. Edited with Notes and 

Introduction. By R. F. Davis, M.A., Editor of the 'Agricola.' 

Small crown Svo, 
Preese. THE CAPTIVI OF PLAUTUS. Abridged and Edited 

for the use of Schools, with Introduction and Notes, by J. H. 

Freese, M.A. Fcap, is. 6d, 
Stedman. GREEK TESTAMENT SELECTIONS. Edited 

by A. M. M. Stedman, M.A. Third and /Revised Edition. 

Fcap. Svtf. 2s, 6d, 

StedmaiL STEPS TO FRENCH. By A. M. M. Stedman. 
M.A. iSmo. 
An attempt to supply a very easy and very short book of French Lessons. 

Stedman. A VOCABULARY OF LATIN IDIOMS AND 

PHRASES. Fcap. 8w. 
Maiden. ENGLISH RECORDS : A Companion to English 

History. By H. B. Malden, M.A. Crown Svo. 

PRIMARY CLASSICS 

A series of Classical Readers, Edited for Lower Forms with Introduc- 
tions, Notes, Maps, and Vocabularies. 
Herodotus. THE PERSIAN WARS. Edited by A. G. Liddell, 
M.A., Assistant Master at Nottingham High School. iSmo. is, 6d. 
Livy. THE KINGS OF ROME. Edited by A. M. M. 

Stedman, M.A. iZmo. Illustrated, is, 6d. 
Oaesar. THE HELVETIAN WAR. Edited by A. M. M. 
Stbdman, M.A. iSmo, is. 
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Poetry 

Bndyard Kipling. BARRACK-ROOM BALLADS; And 
Other Verses. By Rudyard Kiplino. Seventh EdiHen^ Crown 
%uo, 6s, 
A Special Presentation Edition, bound in white backiam, with 
extra gilt ornament *fs. &/. 

* Mr. Kipling's Ten* is stroag, vivid, full of character. . . . Uiuntstalcabk geniiis 

rings in every line.'— TluMrf. 
'The disrepatahle lingo of Cockayne is henceforth justified before the world; for a 
ma» of |[enius has taken it in hand, and has shown, beyond all cavilling, that in 
its way it also is a medium for literature. Yon are grateful, and you say to 
yourself, half in envy and half in admiration : " Here is a iook ; here, or one is a 
Dutchman, is one of the books of the year." '^Natwnal Obstrvtr, 

* "Barrack-Room Ballads" contains some of the best work that Mr. Kipling has 

ever done, which is saying a good deal " Fuzry-Wuzzy,*' " Gunga Din, and 
** Tommy," are, in our opinion, altogether superior to anything of the kind that 
English literature has hitherto produced.' — Atfuntntm. 

* These ballads are as wonderful in their descriptive power as diey are vigorous in 

their dramatic force. There are few ballaas in the English language more 
stirring than "The Ballad of East and West," worthy to stand by the Border 
ballads of SctiiX.'— Spectator, 

* The ballads teem with imagination, they palpitate with emotion. We read them 

with laughter and tears ; the metres tlurob in our pulses, the cunningly ordered 
wovds tingle with life ; and if this be not poetry, what is? '— ^«// Mall Gautte, 

'SLenlff^. LYRA HEROICA : An Anthology selected from the 

best English Verse of the i6th, 17th, i8th, and 19th Centuries. By 

William Ernest Hbnlby, Author of 'A Book of Verse,' 'Views 

and Reviews,' etc Crown 800. Stamped gilt huekramt gilt toPt 

edges uncut, 6s, 

Mr. Henley has brought to the task of selection an Instinct alike for poetry and for 
chivahry which seems to as quite Fonderfolly, and even unerringly, right.'— 
dtanliaa, 

Tomson. A SUMMER NIGHT, AND OTHER POEMS. By 
Graham R. Tomson. With Frontispiece hy A Tomson. Fcap. 
8cw. 3s, 6d. 
An edition on hand-made paper, limited to 50 copies. 10s, 6d, net. 

* Mrs. Tomson holds perhaps the very highest rank among poetesses of English birth. 

This selection will help her rtpatMtion.*— Black and Vrhitg. 

Itoen. BRAND. A Drama by Henrik Ibsen. Translated by 
William Wilson. Crown ^00, Second Edition, y,6d, 

'The greatest world-poem of the nineteenth century neict to ** Faust" "Brand" 
will have an astonishing interest for Englishmen. It is ia the same set with 
** Agamemnon." with *' Lear," with the literature that we now instiactivtly renrd 
as high and hxAj,*—Daify Chronicle, 
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"Q.- GREEN BAYS : Verses and Parodies. By «Q.," Author 
of * Dead Man*s Rock * etc. Second Edition, Fcap, Zvo, 3^. 6d, 
' Th« verses display a rare and versatile gift of parody, great command of metre, and 
a very pretty turn of hnmoMt,'— Times, 

"A.G." VERSES TO ORDER. By"A. G.» Cr.Zvo. 2s. 6d. 
net. 
A small volume of verse by a writer whose initials are well known to Oxford men. 
A capital specimen of light academic poetry. These verses are very bright and 
engaging, easy and sufficiently witty.'— .S/. Jameses Gazette, 

Hosken. VERSES BY THE WAY. By J. D. Hosken. 
Printed on laid paper, and bound in buckram, gilt top. 5^. 
A small edition on hand-made paper. Price 12s. 6d, net^ 
A Volume of Lyrics and Sonnets by J. D. Hosken, the Postman Poet, of Helston, 
Cornwall, whose interesting career is now more or less well known to the literary 
public. Q, the Author of 'The Splendid Spur,' etc., writes a critical and 
biographical introduction. 

Scott. THE MAGIC HOUSE AND OTHER VERSES. By 
Duncan C. Scott. Extra Post Svo, bound in buckram, jx. 

Langbridgo. BALLADS OF THE BRAVE : Poems of Chivalry, 
Enterprise, Courage, and Constancy, from the Earliest Times to the 
Present Day. Edited, with Notes, by Rev. F. Langbridge. 
Crown Svo, Buckram 3^. 6</. School Edition, 2j. 6</. Also in three 
parts, Price is. each. 
'A very happy conception happily carried out. These " Ballads of the Brave" ar« 
intended to suit the real tastes of boys, and will suit the taste of the great majority.' 
^Spectator. * The book is full of splendid things.'— fT^rA^ 

General Literature 

OoUingwood. JOHN RUSKIN : His Life and Work. By 
W. G. COLLINGWOOD, M.A., late Scholar of University College, 
Oxford, Author of the * Art Teaching of John Ruskin,* Editor of 
Mr. Ruskin's Poems. 2 vols. Svo. 32X. Second Edition. 
This important work is written by Mr, CoUingwood, who has been for some jrears 
Mr. Ruskin's private secretary, and who has had unique advantages in obtaining 
materials for this book from Mr. Ruskin himself and from his friends. It contains 
a large amount of new matter, and of letters which have never been published, 
and is, in fact, a full and authoritative biography of Mr. Ruskin. The book 
contains numerous portraits of Mr. Ruskin, including a coloured one from a 
A2 
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water<olour portrait by himself, and also 13 sketchesi never before pttbllihed, by 
Mr. Raskin aind Mr. Arthnr Severn. A bibliography is added. 

' No more magnificent volumes have been published for a k>ng time. . . .'— TImmi; 

' This most lovingly written and most profoundly interesting book.'— 2>«i(r Niws, 

* It is long since we have had a biography with such varied delights of substance 

and of form. Such a book is a pleasure for the day, and a joy for ever.'— i>«</y 

CkrotUcU. 
' Mr. Ruskin could not well have been more fortunate in his biographer.'— ^^49^. 
' A noble monument of a noble sutgect. One of the most beandful books about one 

of the noblest lives of our century.'— ^Aus^viv HtrakL 

Gladstone. THE SPEECHES AND PUBLIC ADDRESSES 
OF THE RT. HON. W. E. GLADSTONE, M.P. With Notes 
and Introductions. Edited by A W. Hutton, M. A (Librarian of 
the Gladstone Library), and H. J. Cohen, M.A. With Portraits. 
Zvo. Vol. X. \Z5. 6d. 

BuBSelL THE LIFE OF ADMIRAL LORD COLLING- 
WOOD. By W. Clark Russell, Author of 'The Wreck of the 
Grosvenor.' With Illustrations by F. Brangwyn. Svo, 15^. 
' A really good hoolc'-Saiurday Rniew. 

' A most excellent and wholesome book, which we should like to see in the hands of 
every boy in the conntry.'->S'/. Janu^t Gautie. 

Clark. THE COLLEGES OF OXFORD : Their History and 
their Traditions. By Members of the University. Edited by A. 
Clark, M.A., Fellow and Tutor of Lincoln College. 8zv. 12s, 6ei, 
'Whether the reader approaches the book as a patriotic member of a college, as an 
antiquary, or as a student of the organic growth of college foundation, it wiU amply 
reward his attention.' — Times* 

* A delightful book, learned and \vrtly,'-~Academy. 

* A work which will certainly be appealed to for many years as the standard book on 

the Colleges of Oxford.'— ^4 tAemeum. 

Wells. OXFORD AND OXFORD LIFE. By Members of 
the University. Edited by J. Wells, M.A., Fellow and Tutor of 
Wadham College. Crown Svo. y, 6d, 

This work contains an account of life at Oxford— intellectual, social, and religions— 
a careful estimate of necessary expenses, a review of recent changes, a statement 
of the present position of the University, and chapters on Women's Education, 
uds to study, and University Extension. 

* We congratulate Mr. Wells on the production of a readable and intelligent account 
of Oxford as it is at the present time, written by persons who ai«, with hardly an 
exception, possessed of a close acquaintance with the system and life of the 
University.'—^ tkenmtm. 
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Porrens. THE HISTORY OF FLORENCE FROM THE 
TIME OF THE MEDICIS TO THE FALL OF THE 
REPUBLIC. By F. T. Perrens. Translated by Hannah 
Lynch. In three volumes. Vol. 7. Zvo, izs, 6d. 
This is a translation from the French of the best history of Florence in existence. 
This ¥010010 covers a period of profound interest— political and literary^-and 
b written with great vivacity. 
This is a standard book by an honest and intelligent historian, who has deserved 
well of his coontrymen, and of all who are interested in Italian history.'— ilf««- 
ckesUr Gumrdtan, 

Browning. GUELPHS AND GHIBELLINES : A Short History 
of MediscYal Italy, A.D. 1250- 1409. By Oscar Browning, Fellow 
and Tntor of King's College, Cambridge. Second Edition, Crown 
9uo. 51. 

'A very able hooL'^Wittimimttir GautU, 
' A vivid picture of meddval lXa\y»*^Standard, 

O'Grady. THE STORY OF IRELAND. By Standish 
O'Grady, Author of ' Finn and his Companions.' Cr. Stw. ^s. 6d, 

* Novel and very fascinating history. Wonderfally allnring.'— C^^ Examiner, 

* Most delightfol, most stimulating. Its racy humour, its original imaginings, its 

perfectly unique history, make it on« of the freshest, breeriest volumes.'— 
MethodUt Timti, 
'A survey at once graphic, acute, and quaintly written.'— TYiMcr. 

Dixon. ENGLISH POETRY FROM BLAKE TO BROWN- 
ING. By W. M. Dixon, M. A. Crown Svo. 3J. 6d. 
A Popular Account of the Poetry of the Century. 

* Scholarly in conception, and full of sound and suggestive criticism.'— 7Ym#«. 

' The book is remarkable for freshness of thought expressed in graceful language.'— 
MoMchitUr Examifur, 

Bowden. THE EXAMPLE OF BUDDHA: Being Quota- 
tions from Buddhist Literature for each Day in the Year. Compiled 
by E. M. Bowden. With Preface by Sir Edwin Arnold. Third 
Edition, l6mo. 2x. 6d. 

DitchflelcL OUR ENGLISH VILLAGES : Their Story and 
their Antiquities. By P. H. Ditchfield, M. A , F. R. H. S. , Rector 
of Barkham, Berks. Post Svo. 2s. 6d. Illustrated. 
' An extremely amusing and interesting little book, which should find a place in 
every parochial library.'— (TuMnf/afi. 
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Ditchfleld. OLD ENGLISH SPORTS. By P. H. DlTCH- 
FIELD, M.A. Crvwn Svo, 2s. 6d, Illustrated. 
' A charming account of old English Sports.'— Mormng Post. 

Massee. A MONOGRAPH OF THE MYXOGASTRES. By 

George Massee. With 12 Coloured Plates. Royal $vo, iSs. net, 

*A work mnch in advance of any book in the language treating of this groap of 

organisms. It is indispensable to every student of the Mzyogastres. The 

coloured plates deserve high praise for their accuracy and execution. '^iV«/«fv. 

BnahilL PROFIT SHARING AND THE LABOUR QUES- 
TION. By T. W. BusHiLL, a Profit Sharing Employer. \Wth an 
Introduction by Sbdlbt Taylor, Author of * Profit Sharing between 
Capital and Labour.' Crown 8zv. 2s, 6d. 

John Beever. PRACTICAL FLY-FISHING, Founded on 
Nature, by John Beever, late of the Thwaite House, Coniston. A 
New Edition, with a Memoir of the Author by W. G. Collingwood, 
M.A., Author of «The Life and Work of John Ruskin,' etc Also 
additional Notes and a chapter on Char-Fishing, by A and A. R. 
Severn. With a specially designed title-page. Crown Svo. 35. 6d, 
A little book on Fly-Fishing by an old friend of Mr. Rnsktn. It has been out of 
print for some time, and being still much in request, is now issued with a Memoir 
of the Author by W. G. Collingwood. 



Theology 



Driver. SERMONS ON SUBJECTS CONNECTED WITH 

THE OLD TESTAMENT. By S. R. Driver, D.D., Canon of 

Christ Church, Regius Professor of Hebrew in the University oi 

Oxford. Crown Svo, 6s, 

*A welcome companion to the anthor's famous ' Introduction.' No man can read these 
discourses without feeling that Dr. Driver is fully alive to the deeper teaching of 
the Old Ttstamtnt.*—Gitardian, 

Cheyno. FOUNDERS OF OLD TESTAMENT CRITICISM: 

Biographical, Descriptive, and Critical Studies. By T. K. Cheyne, 

D.D., Oriel Professor of the Interpretation of Holy Scripture at 

Oxford. Lar:g^e crown Svo, 7s. 6d, 

This important book is a historical sketch of O.T. Criticism in the form of biographi 
cal studies from the days of Eichhom to those of Driver and Robertson Smith. 
It is the only book of its kind in English. 

* The volume is one of great interest and value. It displays all the author's well- 

known ability and learning, and its opportune publication has laid all students of 
theology, and specially of Bible criticism, under weighty obligation.'— •S'<tf/fi»a« 

* A very learned and instructive yfot\u*'—Timet. 
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Fdor. CAMBRIDGE SERMONS. Edited by C H. PRIOR, 
M. A. , Fellow and Tutor of Pembroke College. Crown 8m. df. 

A Tolome of sermons preached before the University of Cambridge by varioot 
pteacbers, indnding the Archbishop of Canterbury and Bishop Westcott. 

' A representative collection. Bishop Westcou's is a noble sermon.'— (PiMinASm. 

' Foil of thonghtfnlness and dignity.'— J?^tffdl 

Bnme. PARSON AND PEASANT: Chapters of their 
Natural History. By J. B. BuRNB, M. A. Cr, 8«tf. $1. 
' " Parson and Peasant " is a book not only to be interested in, but to learn something 
from—a book which may prove a help to many a clergyman, and broaden the 
hearts and ripen the charity of laymen.*— D^r;^ Mtreury, 

Cmningbam. THE PATH TOWARDS KNOWLEDGE: 

Essays on Questions of the Day. By W. Cunningham, D.D., 

Fellow of Trinity College, Cambridge, Professor of Economics at 

King's College, London. Crown 8zv. 4^. 6d, 

Essays on Marriage and Popnlatioo, Socialism, M<mey, Education, Poslti^sm, etc. 

Jaixie& CURIOSITIES OF CHRISTIAN HISTORY PRIOR 
TO THE REFORMATION. By Croake James, Author of 
* Curiosities of Law and Lawyers.' Crown Svo, 7s. 6d, 
'This volome contains a great deal of quaint and curious matter, affording some 
"particulars of the interesting persons, episodes, and events from the Christian's 
point of view during the first fourteen centuries." Wherever we dip into his pages 
we find something worth dipping into.'— /^>^ BiM, 

Lock. THE LIFE OF JOHN KEBLE. By WALTER LOCK, 
M.A. With Portrait from a painting by George Richmond, R.A. 
Crown Zvo, Buckram $s. Sixth Edition. 
' A fine portrait of one of the most saintly characters of our age, and a valuable con* 
tribution to the history of that Oxford Movement' — Times, 

EaufinazuL CHARLES KINGSLEY. By M. Kaufmann, 
M.A« Cr&wn Svo, Buckram, 5x. 
A biography of Kingsley, especially dealing with his achievements in social reform. 
' The audior has certainly gone about his work with conscientiousness and industry.'— 
Sheffield Daily Telegraph, 

Oliphant. THOMAS CHALMERS : A Biography. By Mrs. 
Oliphant. With Portrait. Crown 8w. Buckram^ 5J. 
' A well-executed biography, worthy of its author and of the remarkable man who is 
its subject. Mrs. Oliphant relates lucidly and dramatically the important part 
which Chalmers played in the memorable secession.' — Timet, 
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Leaders of Religion 

Edited by H. C BEECHING, M. A. IVitk Fortraif, crown 8zv. 2s. 6d. 

A series of short biographies of the most prominent leaders . ^ 

of religious life and thought. r\ fr\ 

The following are ready— ^f ^^ 

CARDINAL NEWMAN. By R. H. Hutton. 

* Few who read this book will fail to be struck by the wonderful insight it displays 

into the nature of the Cardinal's genius and the spirit of his life.' — Wilfrid 
Wakd, in the Ta^leA, 

* Full of knowledge, excellent in method, and intelligent in criticism. We regard it 

as wholly Adaaxtihlc'—AcMUmy. 

JOHN WESLEY. By J. H. Overton, M.A. 

' It is well done : the story is clearly told, proportion is duly observed, and there is 
no lack either of discrimination or of sympathy. '^MancAtstir Gumrdian, 

BISHOP WILBERFORCE. By G. W. Daniel, M.A. 
CHARLES SIMEON. By H. C. G. MOULE, M.A. 
CARDINAL MANNING. By A. W. HUTTON, M.A. 
Other volumes will be announced in due course. 

WORKS BY 8, BARINQ GOULD. 

OLD COUNTRY LIFE. With Sixty-seven Illustrations by 
W. Parkinson, F. D. Bedford, and F. Masey. Large Crown 
$vo, cloth super extra^ top edge gilt^ los, 6d, Fourth and Cheaper 
Edition, 6s, 
' " Old Country Life," as healthy wholesome reading, full of breezy life and move- 
ment, full of quaint stories vigorously told, will not be excelled by any book to be 
published throughout the year. Sound, hearty, and English to the core.' — World. 

HISTORIC ODDITIES AND STRANGE EVENTS. Third 
Edition, Crown %vo, 6j. 
* A collection of exciting and entertaining chapters. The whole volume is delightful 
reading.'— ri^Mir. 

FREAKS OF FANATICISM. Third Edition. Crown Zvo, 6j. 

' Mr. Baring Gould has a keen eye for colour and effect, and the subjects he has 
chosen give ample scope to his descriptive and analjrtic fiictilties. A perfectly 
fascinating bode.'— .S'c»//£rA Lgader, 
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SONGS OF THE WEST : Traditional Ballads and Songs of 
the West of England, with their Traditional Melodies. Collected 
by S. Baring Gould, M.A., and H. Fleetwood Sheppard, 
M.A. Arranged for Voice and Piano. In 4 Parts (containing 25 
Songs each), Parts /., //., ///., 3J. tach. Part /r., Jj. In one 
Vo/,, roan, 155. 
'A rich and raried collection of humour, pathos, grace, and poetic (aokcy.'^Saiurdajf 

RtVt€W» 

YORKSHIRE ODDITIES AND STRANGE EVENTS. 
Fourth Edition. Crown Zvo. dr. 

STRANGE SURVIVALS AND SUPERSTITIONS. With 
Illustrations. By S. Baring Gould. Crown Svo, Second Edition. 
6s. 

A book on such subjects as Foundations, Gables, Holes, Gallows, Raising the Hat, Old 
Ballads, etc. etc. It traces in a most interesting manner their origin and history. 

' We have read Mr. Baring Gould's book from beginning to end. It is full of quaint 
and yarious information, and theress not a dull page in IC—Notis and Queries, 

THE TRAGEDY OF THE CAESARS: The 
' Emperors of the Julian and Claudian Lines. With numerous Illus- 
trations from Busts, Gems, Cameos, etc. By S. Baring Gould, 
Author of * Mehalah,* etc. Second Edition. 2 vols. Royal Svo, 30J. 

' A most splendid and fascinating book on a subject of undying interest. The great 
feature of the book is the use the author has made of the existing portraits of the 
Caesars, and the admirable critical subtlety he has exhibited in dealing with this 
line of research. It is brilliantly written, and the illustrations are supplied on a 
scale of profuse magnificence.' — Daily Chronicle. 

* The volumes will in no sense disappoint the general reader. Indeed, in their way, 
there is nothing in any sense so good in English. . . . Mr. Baring Gould has 
presented his narrative in such a way as not to make one dull pSLge.'—AtJienaum, 

MR. BARING GOULD'S NOVELS. 

'To say that a book is by the author of " Mehalah " is to imply that it contains a 
story cast on strong lines, containing dramatic possibilities, vivid and sympathetic 
descriptions of Nature, and a wealth of ingenious imagery.' — Speaker. 

' That whatever Mr. Baring Gould writes is well worth reading, is a conclusion that 
may be very generally accepted. His views of life are fresh and vigorous, his 
language pointed and characteristic, the incidents of which he makes use are 
striking and original, his characters are life-like, and though somewhat excep- 
tional people, are drawn and coloured with artistic force. Add to this that his 
descriptions of scenes and scenery are painted with the loving eyes and skilled 
hands of a master of his art, that he is always fresh and never dull, and under 
such conditions it is no wonder that readers have gained confidence both in his 
power of amusing and satisfying them, and that year by year his popularity 
widens.'— CMvr/ Circular, 
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IN THE ROAR OF THE SEA : A Tale of the Cornish Coast 
Ntm Edition. 6s, 

MRS. CURGENVEN OF CURGENVEN. Third Edition. &. 

A powerful and characteristic story of Devon life. The * Graphic ' speaks of it as a 
navel 0/ vigorous humour and sustained power ; the ' Sussex Daily News ' says 
that the switig of the narrative is splendid; and the 'Speaker' mentions its 
hight imaginAtioe power, 

CHEAP JACK ZITA. By S. Baring Gould. Crown Svo. 6s. 

A Romance of the Ely Fen Dbtrict in 18x5. 

' A powerful drama of human passion.'— ^^f/mtntf/Srr Gautte, 

' A story worthy the author.'— JVa/<Mia/ Observer, 

ARMINELL : A Social Romance. New Edition. Cr&wn Zvo. 
Zs.6d. 

URITH: A Story of Dartmoor. Third Edition. CrownZvo. '^.6d. 

* The author is at his best.'— rim^r. 

* He has nearly reached the high water-mark of " Mehalah." ^—National Observer, 

MARGERY OF QUETHER, and other Stories. Crovm Svo. 
3x. 6d. 

JACQUETTA, and other Stories. Crown Svo. y. 6d. 



Fiction 



8IX SHILLING NOVEL8 

Oorelli BARABBAS: A DREAM OF THE WORLD'S 
TRAGEDY. By Marie Corelli, Author of « A Romance of Two 
Worlds,' « Vendetta,' etc. Eighth Edition Crown Svo, 6s. 
Miss Corelli's new romance has been received with much disapprobation by the 
secular papers, and with warm welcome by the religious papers. By the former 
she has been accused of blasphemy and bad taste ; ' a gory nightmare' ; ' a hideous 
travesty'; 'grotesque vulgarisation' ; 'unworthy of criticism'; 'vulgar redun- 
dancy'; 'sickening details '—these are some of the secular flowers of speech. 
On the other hand, the ' Guardian ' praises ' the dignity of its conceptions, the 
reserve round the Central Figure, the fine imagery of the scene and circumstance, 
so much that is elevating and devout ' ; the ' Illustrated Church News ' styles the 
book ' reverent and artistic, broad based on the rock of our common nature, and 
appealing to what is best in it ' ; the ' Christian World ' s^ys it is written 'by one 
who has more than conventional reverence, who has tried to tell the story that it 
may be read again with open and attentive eyes ' ; the ' Church of England 
Pulpit' welcomes 'a book which teems with faith without any appearance of 
irreverence.' 
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Benson. DODO : A DETAIL OF THE DAY. By E. F. 
Bbnson. Crown Svo. ThirUenth Edition, ts. 
A stozy of society by a new writer, fiiU of interest and power, which has attracted 
by its brilliance universal attention. The best critics were cordial in their 
praise. The ' Guardian ' spoke of * Dodo'' as mmuually cUvtr cmd initrtsHng ; 
the 'Specutor' called it a tUKghi/Hlly witty tlktch qfsceUiy\ the * Speaker' 
said the dialogue was a ^petnal feast ^ epigram and ^artutox \ the 
'Athenaeum' spoke of the auth(Mr as a writtr ^ fuite txctptional aHUty; 
the 'Academy' praised his amoMtng ciewmttt ; the 'World' said the book was 
hrilUmntly written ; and half-a-doien papers declared there was not a dull page 
M the book 

Norris. HIS GRACE. By W. E. Norris, Author o^ 

* Mademoiselle de Mersac.' nird Edition, Crown ^vo. 68. 

An edition in one Tolume of a norel which in its two volume form quickly ran through 
two editions. 

'The characters are delineated by the author with his characteristic skill and 
vivacity, and the story is told with that ease of manners and Thackerayean in- 
sight which give strength of flavour to Mr. Norris's novels No one can depict 
the Englishwoman of the better classes with more subtlety.'— G/dtf^^wf Herald, 

' Mr. Norris has drawn a really fine character in the Duke of Hurstboume, at once 
unconventional and very true to the conventionalities of life, weak and strong in 
a breath, capable of inane follies and heroic decisions, yet not so definitely por- 
trayed as to relieve a reader of the necessity of study on his own behalf.'— 
Athenmum, 

Parl;er. MRS. FALCHION. By Gilbert Parker, Author of 

* Pierre and His People.' Now Edition in one volume. 6s, 

Mr. Parker's second book has received a warm welcome. The 'Athenaeum' called 
it a tplendid study of character ; the ' Pall Mall Gazette ' spoke of the writing as 
but little behind anything that has been done by any writer of our time ; the 
'St. James" called it a very striking and admiraiU novel \ and the 'West- 
minster Gazette ' applied to it the epithet of distinguished, 

Parker. PIERRE AND HIS PEOPLE. By Gilbert 
Parker. Crown Zzfo, Buckram, 6s, 
' Stories happily conceived and finely executed. There is strength and genius In Mr. 
Parker's itylc'^Baily Telegraph. 

Anthony Hope. A CHANGE OF AIR: A Novel By 
Anthony Hopb, Author of 'Mr. Witt's Widow,' etc z vol. 
Crown $vo, 6s, 

A bright story by Mr. Hope, who has, the Athonaum says, 'a decided outlook and 

individuality of his own.' 
*A graceful, vivacious comedy, true to human nature. The characters are txafled 

with • masterly hand.'— 7¥m««. 
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Ptyce. TIME AND THE WOMAN. By Richard Pryce, 
Author of < Miss Maxwell's Affections,' 'The Quiet Mrs. Fleming,' 
etc. New and Cheaper Edition. Crown 8cw. 6s, 

' Mr. Pryce's work recalls the style of Octare Fenillet, hf Us deamesi, coacisenen, 
its literary nattm^'^AtM^HOum, 

Giaj. ELBA. A Novel By E. M 'Queen Gray. Crown Svo. 6s. 

'A diarming noreL The characters are not only powerful sketchesi bnt ndnately 
and carefully finished portraits.'— G^Mn^MH. 

Marriott Watsoxt DIOGENES OF LONDON and other 
Sketches. By H. B. Marriott Watson, Author of * The Web 
of the Spider.' Crown 8cv. Buckram, 6s, 

' By all those who delight la the oses of words, who rate the exercise of prose above 
the ezerdse of verse, who rejoice in all proofs of its delicacy and its strength, who 
believe that Englidi prose u chief among the moulds of thought, by these 
Mr. Marriott Watson's book will be w^oomed.'—Nationai Oistrver, 

Gilchrist. THE STONE DRAGON. By Murray Gilchrist 

Crown 8tv. Buckram, 6s, 

A volume of stories of power so weird and original as to ensure them a ready welcome. 

' The author's faults are atoned for by certain positive and admirable merits. The 

romances have not their counterpart in modem literature, and to read them is a 

unique experience.'— JV«^£Ma/ Obstrvtr, 



THREE-AND-8iXPENNY NOVEL8 

Norria. A DEPLORABLE AFFAIR. By W. E. NORRIS, 
Author of ' His Grace.' Crown Zvo, y, 6d, 

'What with its interesting story, its graceful manner, and its perpetual good 
humour, the book is as enjoyable as any that has come from its author's pen.'— 
Scotsman, 

Pearce. JACO TRELOAR. By J. H. Pearce, Author of 
'Esther Pentreath.' New Edition, Crown Svo, s^»6d, 

A tragic story of Cornish life by a writer of remarkable power, whose first novel has 

been highly prused by Mr. Gladstone. 
The * Spectator ' speaks of Mr. Pearce as a writer o/exee^Honal^ower; the * Daily 

Telegraph' calls it powttful m$ul piciuresfue\ the 'Birmingham Post' asserts 

that it b a nevel of high qnality. 
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Esmd Stuart A WOMAN OF FORTY. By EsMi: Stuart, 
Author of 'Muriel's Marriage,' 'Virginia's Husband/ etc. New 
Edition. Crcwn 890. 3^. 6d, 
*The story Is well written, and some of the scenes show great dramatic power.'— 
Daily ChrcnicU, 

Penn. THE STAR GAZERS. By G. Manville Fenn, 
Author of * Eli's Children,' etc. New Edition, Cr, Zvo. 3J. 6d. 
* A stirring romance.'— IF»/«r» Morning NetM, 

'Told with all the dramatic power for which Mr. Fenn is conspicnoas.'— ^ns^^if 
Ohterver, 

DickinsoxL A VICAR'S WIFE. By Evelyn Dickinson. 
Crown %vo, 35. 6d, 

Frowse. THE POISON OF ASPS. By R. Orton Prowse. 
Crown Szv. y. 6d» 



Lynn Linton. THE TRUE HISTORY OF JOSHUA DAVID- 
SON, Christian and Communist. By E. Lynn Linton. Eleventh 
Edition. Post Svo, is. 



Methuen's Novel Series 
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A series of copyright Novels, by well-known Authors, 
bound in red buckram, at the price of three shillings and 
sixpence. The first volumes are : — 

1. JACQUETTA. By S. Baring Gould, Author of ' Mehalah, 

etc. 

2. ARM I NELL : A Social Romance. By S. Baring Gould 

Author of < Mehalah,' etc 

3. MARGERY OF QUETHER. By S. Baring Gould. 

4. URITH. By S. Baring Gould. 

5. DERRICK VAUGHAN, NOVELIST. With Portrait of 

Author. By Edna Lyall, Author of * Donovan,' etc. 

6. JACK'S FATHER. By W. E. NORRIS. 

Other Volumes will be annonnced in due coune. 



2/6 



20 Messrs. Mbthuen's List 

HALF-OROWN NOVEL8 

A Series of Navels by popular Authors^ tastefully 
bound in cloth, 

I THE PLAN OF CAMPAIGN. By F. Mabel Robinson. 

2. DISENCHANTMENT. By F. Mabel Robinson. 

3. MR. BUTLER'S WARD. By F. Mabel Robinson. 

4. HOVENDEN, V.C. By F. Mabel Robinson. 

5. ELFS CHILDREN. By G. Manville Fenn. 

6. A DOUBLE KNOT. By G. Manville Fenn. 

7. DISARMED. By M. Betham Edwards. 

8. A LOST ILLUSION. By Leslie Keith. 

9. A MARRIAGE AT SEA. By W. Clark Russell. 

10. IN TENT AND BUNGALOW. By the Author of • Indian 

Idylls.' 

11. MY STEWARDSHIP. By E. M'Queen Gray. 

12. A REVEREND GENTLEMAN. By J. M. Cobban. 

13. THE STORY OF CHRIS. By Rowland Grey. 

Other volumes will be announced in due course. 



Books for Boys and Girls 

Baring Ctould. THE ICELANDER'S SWORD. By S. 
Baring Gould, Author of 'Mehalah/ etc. With Twenty-nine 
Illustrations by J. MoYR Smith. Crown %oo, 6s, 
A Stirling story of Iceland, written for boys by the author of ' In the Roar of the Sea. 

OutheU. TWO LITTLE CHILDREN AND CHING. By 
Edith E. Cuthbll. Profusely Illustrated. Crown Svo, Cloth, 
gilt edges, dr. 
Another story, with a dog hero, by the aathor of the rery popular ' Only a Goard- 
Room Dog.' 

Blake. TODDLEBEN'S HERO. By M. M. Blake, Author of 
< The Siege of Norwich Castle.' With 36 Illustrations. Crown 
8fv. 5i. 
A ftflty Of nilitaty Itfii for cfaJidnB* 
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OuthelL ONLY A GUARD-ROOM DOG. By Mrs. Cuthell. 
With x6 Illustrations by W. Parkinson. Square Crown Zvo, ts, 

' This is a charming stoiy. Tangle was but a little mongrel Skye terrier, but he had a 
big heart in hu little body, and played a hero's part more than once. The book 
can be warmly t^commtXkatA.'— Standard, 

Oollingwood. THE DOCTOR OF THE JULIET. By Harry 
COLLINGWOOD, Author of ' The Pirate Island/ etc. Illustrated by 
Gordon Browne. Crown Zvo. 6s. 

* **The Doctor of the Juliet," well illustrated by Gordon Browne, b one of Harry 
CoUingwood's best efforts.'— Afoming: Pott* 

Clark BnsselL MASTER ROCKAFELLAR'S VOYAGE. By 
W. Clark Russell, Author of * The Wreck of the Grosvenor,' etc 
Illustrated by Gordon Browne. Crown Svo, p, 6d. 

*Mr. Clark Russell's story of "Master Rockafellar's Veyage" will be among the 
fiivonrites of the Christmas books. There is a rattle and " go " all through it, and 
its illustrations are charming in themselves, and very much above the average in 
the way in which they are produced.'— ^anf/a». 

Manville Penn. SYD BELTON : Or, The Boy who would not 

go to Sea. By G. Manyille Fenn, Author of < In the King's 

Name,' etc. Illustrated by Gordon Browne. Croivn Hvo, p, 6d, 

Who among the young storyreading public will not rejoice at the si^t of the old 
combination, so often raoved admirable— a story by Manville Fenn. illustrated 
by Gordon Browne T llie story, too, is one of the good old sort, full of life and 
vigour, breeriness and foji.* -'Journal qf Education, 

The Peacock Library 

A Series of Books for Girls by well-known Authors^ 
handsomely bound in blue and silver^ and well illustrated. 
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M.A., Professor of Economics at Trinity College, Dublin. 

THE ALIEN INVASION. By W. H. Wilkins, B. A., Secretary 
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